Stereochemistry of Reactive Intermediates in Organophosphorous Chemistry by Thenappan, Alagappan
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1984 
Stereochemistry of Reactive Intermediates in Organophosphorous 
Chemistry 
Alagappan Thenappan 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Thenappan, Alagappan, "Stereochemistry of Reactive Intermediates in Organophosphorous Chemistry" 
(1984). Electronic Theses and Dissertations. 4241. 
https://openprairie.sdstate.edu/etd/4241 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
STEREOCHEMISTRY OF REACTIVE 
INTERMEDIATES IN ORGANOPHOSPHOROUS CHEMISTRY 
BY 
ALAGAPPAN THENAPPAN 
A thesis submitted 
in partial fulfil lment of the requirements for 
the degree of Master of Scienc e 
so• 
Major in Chemistry 
South Dakota State University 
1984 
STEREOCHEMISTRY OF REACTIVE INTERMEDIATES 
IN ORGANOPHOSPHOROUS CHEMISTRY 
This thesis is approved as a creditable and independent 
investigation by a candidate for the degree, Master of Science, 
and is acceptable for meeting the thesis requirements for this 
degree. Acceptance of this thesis does not imply that the con-
elusions reached by the candidate are necessarily the conclusions 
of the major department. 
WilliamS. Wadsworth,/.Jr. 
Thesis Adviser 
David C. Hilderorand 




I wish to express my appreciation and thanks to Professor 
Wil l iam S. Wadsworth, Jr . whose creative guidance and chemical 
intuition have made thi s thesi s  possible . I woul d  also l ike to 
express my thanks to al l the other facul ty members of the Chemistry 
Department for their valuable discussions . 
To Mrs . Pam Krage,  for the excellent work done in typing 
this thes is . 
To Petro l eum Research Fund ,  in grateful recognit ion for a 
grant provided to support this work . 
To my wife , Usha 
and son, Arun . 
TABLE OF CONTENTS 
INTRODUCTION . . . . . . . . 
PART I :  PHOSPHONYL RAD ICAL 
INTRODUCTION 
H ISTORICAL 
SYNTHES I S ,  RESULTS AND D ISC USS ION . 
SUMMARY . . . . . . 
PART I I :  PHOSPHACYL IUM ION 
I NTRODUCTION 
H I STORICAL 
SYNTHES I S ,  RESULTS AND D I SCUSS ION . 
SUMMARY . 
EXPERIMENTAL . 
APPEND I X  . .  













LIST OF SPECTRA 
1 .  NMR spectrum of cis- 2 -chloro- 5-chloromethyl -
5-methyl - 2-oxo- 1, 3, 2 -dioxaphosphorinan in 
chloroform-d with TMS as internal standard . 
2. NMR spectrum of trans - 2-hydrazino - 5 -chloromethyl -
5 -methyl - 2 -oxo - 1, 3, 2-dioxaphosphorinan in methano l -d 
8 3  
with TMS a s  internal standard . . . . . . • • 84 
3 .  NMR spectrum of trans- 5-chloromethyl- 5-methyl -
2 -oxo- 1, 3, 2-dioxaphosphorinanyl -2 -propanoiminoylhydrazine 
in chloroform-d with TMS as internal standard . . . . . • 85 
4 .  NMR spectrum of trans -5 -chlorornethyl�5 -methyl -
2 -oxo- 1, 3, 2 -dioxaphosphorinanyl-2 -benzalirninoyl ­
hydrazine in chloroform-d with TMS as internal 
standard . . . • . . . . . • . . • . . . . 
5 .  NMR spectrum of trans-N, N-dimethylamido - 5 -
chloromethyl -5-methyl - 2-oxo-1, 3, 2 -dioxaphosphorinan 
86 
in chl oroform-d with TMS as internal standard 8 7  
6 .  NMR spectrum o f  crude trans- 2 -chloro-5 -chloromethyl-
5 -methyl- 2 -oxo- 1, 3, 2-dioxaphosphorinan in chloroform-d 
with TMS as internal standard . . . . . . . . . 8 8  
7 .  
8 .  
9 .  
NMR spectrum of cis- 2-piperidino -5-chloromethyl -
5-methyl - 2-oxo - 1, 3, 2-dioxapho sphorinan in 
chloroform-d with TMS as int ernal standard . • .  
NMR spectrum of cis- 2-benzylamido-5 -chl orometh.yl-
5-methyl- 2-oxo- 1, 3, 2-dioxaphosphorinan in 
chloroform-d with TMS as internal standard . . 
NMR spectrum of cis - 2 -amido -5-chloromethyl-5-
methyl- 2-oxo -1, 3, 2-dioxaphosphorinan in methanol -d 
with TMS as internal standard . . . . . . . . . . 
1 0 .  NMR spectrum of 4 0 : 6 0 ,  cis : trans- 2-piperidino - 5 -
chloromethyl-5-methyl - 2-oxo- 1, 3, 2-dioxaphosphorinan 
in chloroform-d with TMS as internal standard 




L IST OF SPECTRA (cont . )  
1 1 . NMR spectrum of cis-2 -hydrazino -5 -chl oromethyl -
5 -methy l - 2 -oxo -1 , 3 , 2 -dioxapho sphorinan in methano l -d 
with TMS as internal standard . . . • . . . . . . . 
1 2 .  NMR spectrum o f  trans -2-phenylhydra zino-5 -chloro­
methyl -5 -methyl -2-oxo - 1 , 3 , 2 -dioxaphosphorinan in 
methanol -d with TMS as internal standard . • • 
-
13 . NMR spectrum of yel low mercury oxide oxidi z ed 
product of trans - 2-phenylhydrazino -5 -chloromethyl -
5 -methyl - 2-oxo - 1 , 3 , 2 -dioxaphosphorinan in methanol -d 
with TMS as internal standard . • . . . . . . 
14 . NMR spectrum of 75 : 25 ,  cis : trans-2-methoxy-5 -
chloromethyl - 5 -methyl - 2-oxo - 1 , 3 , 2-dioxaphosphorinan 
in chloroform-d with TMS as internal standard 
1 5 . NMR spectrum of gaseous hydrogen chloride catalyzed 
methano lysis of trans - 2 - hydrazino-5 -chloromethyl - 5 -
methyl - 2-oxo - 1 , 3 , 2 -dioxaphosphorinan i n  chloroform-d 
wi th TMS as internal standard . . . . . . . . • • .  
1 6 .  NMR spectrum of gaseous hydrogen chloride catalyzed 
methano lysis  of cis-2 -hydrazino-5-chloromethyl -5 -
methyl - 2 -oxo - 1 , 3 , 2-diaxaphosphorinan in chloroform-d 
with TMS as internal standard . . . . . . • . . . . 
1 7 .  NMR spectrum of gaseous hydrogen chloride catalyzed 
methanolysis of trans -2 -hydraz ino-5 -chloromethyl -5 -
methyl - 2 -oxo - 1 , 3 , 2-dioxaphosphorinan in the 
presence of acetonitrile , in chloroform-d with TMS 
as internal standard . . . . . . . . . . . . . 
18 . NMR spectrum of trifluoroacet ic acid catalyzed 
methano lys i s  of trans- 2 -hydrazino -5 -chloromethyl -








with TMS as internal standard . . . . . . . . . 1 00 
1 9 .  NMR spectrum of trifluoroacetic acid catalyzed 
methanolysis  of cis-2-hydrazino-5 -chloromethyl -
5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphorinan in chl oroform-d 
with TMS as internal standard . . . . . . . . . . . . 101 
L I ST OF SPECTRA (cont . )  
20 . NMR spectrum of paratoluene sulfonic acid catalyzed 
methanolysis  of trans-2-hydrazino-5-chloromethyl- 5-methyl -
2-oxo- 1 , 3 , 2-dioxaphosphorinan in chloroform-d with 
TMS as internal standard . . . . . . • . • . . • • . . . . 1 02 
2 1 . 
2 2 . 
23 . 
24 .  
I R  spectrum of trans-5-chloromethyl -5-methyl - 2 -
oxo - 1;3 , 2-dioxaphosphorinanyl - 2 -propanoiminoyl ­
hydrazine as KBr pel l et . • . . . .  - . . . . • •  
I R  spectrum of trans-5 -chloromethyl -5-methyl -
2-oxo - 1 , 3 , 2 -dioxaphosphorinanyl -2-ben zal iminoyl ­
hydrazine with nuj o l  as mul l ing agent . . • • • . 
13  . C NMR spectrum of trans-5-chloromethyl -5-methyl-
2 -oxo- 1 , 3 , 2-dioxapho sphorinanyl - 2-propanoiminoyl ­
hydra z ine in chloroform-d with off resonance 
decoupl ed protons  . . . . . . . . • • . . . . . . 
31  
P NMR spectrum of  trans- 5-ch1oromethy1 - 5 -methyl -
2 -oxo- 1 , 3 , 2-dioxapho sphorinanyl - 2-propanoiminoy1 -





LIST OF TABLES 
1 .  Oxidat ion of trans-hydrazide with two equival ents 
2 .  
of tert iary butyl hypochlorite in different solvents 
Chemical shifts of 5 , 5-disubstituted- 2 -amino -
1 ,  3 ,  2 -dioxaphosphorinans . . . . . .  • . . . . 
27  
30  
STEREOCHEMISTRY OF REACTIVE 
INTERMEDIATES IN ORGANOPHOSPHOROUS CHEMISTRY 
Abstract 
ALAGAPPAN THENAPPAN 
A new synthetic route to produce a phosphonyl radical in 
the ground state has been devised . The radical is  capable  of 
maintaining its structural int'egrity and geometry . In pol ar aprotic 
solvents the radical can equilibrate depending upon reaction con­
ditions . Our results are significant for they show that the homo ­
lytic c leavage of a phosphorous oxygen bond could by changing the 
configuration at phospohrous, influence the biological properties 
of natural l y  occurring compounds .  
The stereochemistry of 2 -substituted -5 -ch1oromethyl -5-
methy1- 2-oxo- 1,3,2-dioxaphosphorinans can be establ ished by  proton 
NMR spectroscopy . Methanolysis of 2-hydrazinophosphorinans has 
been investigated . Cis and trans 2-hydrazinopho sphorinans undergo 
acid catalyzed methanolysis to give products of both retention and 
inversion . The product ratio is dependent up
.
on the strength of 
the acid used . Under strong acid conditions, the product ratio is 
nearly identical for both the cis and trans isomers .  Stereochemical 
evidence for the participation of a phosphacyl ium ion- like inter­
mediat e is presented . 
INTRODUCTION 
Phosphorus plays a v ital ro le  in al l l ife forms , and pho s-
phate ester s  are the principal mode in which it  performs its 
. 1 f . 1 essent1a unct1ons . 
Pho sphate esters are c lassified according to the number of 













compounds which do not occur natural ly .  Mono- and di-esters con-
tain ionizabl e  hydrogen atoms which can be replaced by metal lic  or 
non-metal l ic cations,  Figure 2.2 
Phosphat e esters find numerous app l icat ions as plasticisers , 
flame retardants ,  reagent s in the preparation of organophosphorus 
po lymers and in so lvent extraction of heavy metal cat ions . 
In bio logical systems , pho sphate esters play important ro les 
ranging from mobi l e  energy sources such as pyropho sphates to purely 
structural functions as in the heredi tary material deoxyribonuc l eic 
acid (DNA) . Maj or energy storage and transfer mechanisms in al l 
living systems invo lve the synthesis and breakdown of phosphate 
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Whil e  many pho sphate esters play a central  rol e  in sustain-
ing l iving systems , some are vehicles of death . Sarin is one of the 
deadl iest of the so-cal l ed nerve gases, Figure 4 .
3 
The l ethal dose 
I sopropyl methylphosphonofluoridat e 
[Sarin , GB(German Ag ent B)] 
Figure 4 
of this material for man may be less than 1 mg . Thes e  nerve agents 
are chol inesterase inhibitors ; they chemical ly inhibit the trans -
mission of nerve impulses . 
Organophosphates (or organophosphonates) are recognized 
as active pesticides . Certain organophosphorus compounds have the 
abil ity to mimic natural ly occurring carboxylic esters and hence 
inhibit essential enzymes (e . g .  acetylchol inesterase) . Organa.-
phosphorus insecticides are general ly rapid acting , highly effective 
·in smal l concentrations and have a low persistence .  They are easil y 
broken down to non-toxic materials . It is because of the importance 
to life and its functions , we chose to learn more about phosphorous 
compounds and their reactions . 
A compl ete understanding of the chemistry of any class of 
compounds requires an understanding of the mechanisms by which 
3 
compounds react and in turn a description and chemistry of inter-
mediates which form and disappear during the course of a .react ion . 
Thus the main obj ective of this thesis is to find an acceptable  
system in which we  can observe stereochemical evidence for the 
existence of reactive intermediates in organopho sphorous chemistry . 
Reactive Intermediates  
a)  Phosphonyl Radical s: 
Phosphorus radicals  are frequently proposed as transient 
intermediates in many reactions . 4 There are two main types of 
phosphorous radical s . The first type has seven electrons (one un-
paired) in the val ence she l l  of the· phosphorous atom and is exem-
•• 
plified by either the phosphino radical, R2P•, the phosphonyl 
radical, (R0) 2P=O or the phosphinium radical cation, R3P• .  The 
second type has nine electrons (one unpaired) around the phos-
phorous atom and is il lustrated by the phosphoranyl radical, R4P• 
(or (R0) 4P•) and by the phosphinium radical anion, R3
P·. 
It is the phosphonyl radical in which we are interested . It  
is characterised by a phosphorous atom doubly bonded to one oxygen 
and sing ly bonded to two oxygen atoms, Figure 5 .  
Figure 5 
4 
The radical can or cannot retain its configuration. An answer wil l  
b e  sought regarding the structure and geometry o f  the phosphonyl 
radicals in Part I of this thesis . 
b) Phosphacylium Ion: 
The phosphorous counterpart to a carbocation, "the phospha-
cylium ion" is another possiole intermediate . It  is  characteri zed 
by a tetravalent structure, Figure 6 .  
Figure 6 
Nucl eophilic substitution at phosphorous has received con-
5 
siderab l e  attention in recent years . It  is generalized by Equation 1,  
0 II 








where Y is the nucl eophi le  and X is the leaving group . Mechanisms 
have been postulated on the basis of kinetic and stereochemical 
results . Depending on the conditions such as catalyst, attacking 
nuc leophil e and the nature of the leaving group four mechanisms of 
substitution at phosphorous are possible . They take one of two 
1 
directions, a stepwise bimolecular associative or a unimol ecular 
dissociative pathway . In the associative pathway three mechanisms 
have been postulated . They are with inversion of configuration, 
with retention of configuration and indiscriminate attack by the 
nucleophile . 
Associative type mechanisms at phosphorous have been studied 
extensively in this l aboratory and a series of papers have been 
published outlining those factors which give ris e  to either 
. . . h h 5 retent1on or 1nvers1on at p osp orous . 
The unimo lecular dissociative mechanism which might produce 
a phosphacylium cation has been the subj ect of controversy . I t  
is directly analogous t o  the SNl mechanism o f  carbon chemistry with 
a carbocation as the intermediat e .  It is because these dissociative 
mechanisms may c losely exemplify tnose of biological syst ems that 
they are under constant scrutiny . An acceptabl e system in which we 
can observe substitution via a dissociative mechanism with a phos-
phacylium ion intermediate wi-l l be discussed in th
.e second part of 
this thesis . 
In both the case of radical s and ions, the 2-substituted-5-
.(.chloromethyl ) -5-methyl -2-oxo -1,3,2-dioxaphosphorinan system has 
proved to be a mo st va-luable-· system.. The special qual it ies su<?h 
as conformational immobil ity, ease of isomer identification, ease 
of establishing isomer ratios and ease of handling has made this 
system an invaluable  too l . 
6 




Phosphonyl radical s have seven el ectrons (one unpaired) in 
the val ence she l l  of the phosphorous atom . They are characterized by 
a phosphorous atom doubly bonded to one oxygen and singly bonded to 





resonance hybrid of three canonical forms , e . g .  (a, b , c )  but are 
more convenientl y  represent ed by structure b, Figure 8 .  Phosphonyl 
(R0)2P-· 6 ( ) ( > (Ro)2i>-o 
a c 
Figure 8 
radical s  have long been recognized as intermediates in some reactions 
of dial kylphosphites. 6 
Free radicals are believed to be responsibl e for the in-
duction of certain types of cancer . Since cancer is in essence the 
mutation of a normal ce l l ,  any interaction of radical s with DNA or 
·RNA could, in princip le ,  initiate mutations . Since the backbone 
of the nuc l eic acids i s  composed of pho sphate ester mo ieties , one 
can immediately recognize the reason for a s tudy of phosphorous 
radical chemistry . X-rays and y-rays are used increas ingly for 
steri l i zation and preservation of foods . Thus ,  it is important to 
understand the effect of such radiation on phosphorous compounds 
which occur natural ly or art ific ial ly .  It  is conceivabl e  that in 
certain cases radiation breaks a phosphorous -oxygen bond to generate 
a radical c losely akin to a pho sphonyl radical . 
I t  appears that the configurat ion at phosphorous plays a 
vital rol e  in membrane activity and any influences which change the 
configuration at phosphorous must have a pronounced effect on cel l 
activity . Model studies by Tsai , et al . ,  suggest that phospho l ipid 
membranes could be chiral at phosphorous and the configuration at 
phosphorous could be important in the s tructure and properties of 
7 membranes . Indeed there is increas ing evidence for the invo lvement 
of the phosphate head group in protein-lipid interact ions . 8 
Orientation and flexibility of head groups of phospho l ip ids have 
been studied . 9 
One possib l e  means of altering the configurat ion is homo -
· lytic c leavage of a phosphorous oxygen bond either by radiat ion or 
9 
by chemical means . Al though poss ible ,  it is  by no means certain that 
a cleavage of thi s type would l ead to a configurational change . Thus 
the main question which this thesis  wil l  attempt to answer is  whether 
a phosphonyl radical, generated in the ground state,  does or does 
not retain its configuration . For our s tudies we generat e the 
10 
. 
phosphonyl radicals, (R0)2P=O, in so lution, and draw conclusions by 
examining product rat ios . 
HISTORICAL 
Phosphonyl radicals in al l cases have been g enerat ed photo-
1 0 - 1 3  lyticaliy and studied in terms of their EPR spectra . 
In a relat ed study, it was reported that the free radical 
addition of menthyl methylphosphinate to alkenes proc eeds with 
14 inversion of configuration at phosphorus . Later K .  Mislow and 
his coworkers have corrected the earl ier work by reporting that the 
dibenzoylperoxide catalyzed addition of menthyl phenylphosphinat e to 
cyclohexene occurs with retention of configuration . 1 5  It is evident 
that phosphinate free radicals under the conditions employed appear 
to retain the geometry of their precursor . 
Unl ike phosphonyl radicals, phosphinate free radicals are 
characteri zed by a phosphorous atom doubly bonded to one oxygen and 
singly bonded to two different ligands, only one of which is an 
alkoxy group, Figure 9. 
Figure 9 
Homo lytic addition of dialko�ypho sphonyl radical s to benzene 
16 were det ected by EPR and opt ical modulat ion spectroscopy . The 
rat e constant s for the addition was al so studied . Al so , phosphonyl 
radical s have been trapped by radical scavengers such as 
1 1  
12 
t-nitrosobutane and the resultant relatively stabl e nitro so radical s ,  
F. 10 d� d by EPR.17 1gure , stu 1e 
0 
" (EtO) 2PH R. ) 
Nothing is known about the geometry or 
t BuN=O 
F igure 10 
0 / 0 • II / (EtO) 2P -N 
"-su•t• 
structural integrity of phosphonyl radical s in chemical react ions . 
Our phosphorinan ring system, owing to its special  qual ities , l ends 
itself to a study of the geometry and structure of pho sphonyl radi-
ca ls . By generating the radical in the ground state ,  under exo-
thermic condit ions from both ci s and trans isomers , final product 
rat ios wil l be an indicat ion of the geometry of the intermediate 
radical . 
SYNTHESIS , RESULTS AND DISCUSSION 
Prior to this work, phosphonyl radical s were generated by 
photolys i s  of, or rad ical abstraction from either dialkyl (or aryl ) 
phosphine oxides , Equation 2 ,  0-alkyl alkylphosphinates ,  Equation 3 ,  
























structural integrity of pho sphonyl radical s is  the l ack of a suitable 
syst em in which the configurat ion about the central phosphorous atom 
can be det ermined . 
We are fortunate enough to have at our disposal a system 
"Z9r"1( "4 ,J·· i '.,) (; 
OUTH 
14 
which lends itself to a study of the configuration about the central 
phoshporous atom. The system employed is the 2-substituted-5-chloro­
methyl-5-methyl-2-oxo-1,3,2-dioxaphosphorinan system. It can exist 
as one of two possible geometrical isomers. The two isomers are 
distinguishable from one another by simple NMR measurements. Due 
to the lack of conformational mobility of the ring, the 5-methyl-
hydrogens and 5-chloromethylhydrogens of cis and trans isomers have 
significantly different chemical shifts. 
If a reaction is carried out on a known isomer and the pro-
duct configuration is determined, the relative stereospecificity or 
non-stereospecificity can be studied. If a net stereospecificity of 
the reaction can be ascertained, we can make a judgment· regarding 
the intermediates of the reaction. The radical can be generated from 
either of the two isomers and the geometry of the products arising 
from the radicals can be studied. The product ratio is an indication 
of the geometry of the intermediate radical. 
In our first attempt to prepare a radical, it was decided to 
follow the work of Dr. A . G .  Davies, et a1.10 and generate the radical 
from 5-chloromethyl-5-methyl-2-oxo-1,3,2-dioxaphosphorinan, a cyclic 
hydrogen phosphite, Figure 11. The reactant needed for the prepara­
tion of the cyclic hydrogen phosphite is 2-chloro-5-chloromethyl-5-
methyl-2-oxo-1,3,2-dioxaphosphorinan, the chloridate. It is prepared 
by treating methyl bicyclic phosphite with sulfuryl chloride in the 
1 A � 18 E . 5 norma ruuzov manner, quat1on . Arbuzov reactions entail the 
reaction of trialkylphosphites with an alkylhalide to give 
F igure 1 1  




+ R ' X  � (R0)2P-R' + RX 




chloridate due to the mode of displacement . Its geometry is a conse-
quence of the mechanism of the Arbuzov reaction . The 5 -chloromethyl 
group and the phosphoryl oxygen are on the same side of the ring in 
16  
the case of the cis-configuration, whereas in the trans isomer the 
two groups are on the opposite sides of the phosphorinan ring system, 
Figure 1 2 . 
cis-chloridate trans-chloridate 
Figure 1 2  
Since lithium aluminum hydride is known to convert dialkyl-
phosphinyl chloride, [R2P (O)Cl], to dialkyl phosphineoxide, 
1 9  [R2P(O)H], an attempt was made to reduce the cis-chloridate 
using the same reagent in ether solution. The expected cyclic hydro-
gen phosphite did not form. Instead ring opening occurs to give 
2-chloromethyl-2-methylpropane-1,3-diol, Equation 7 ,  in very low 
yield. The product obtained was isolated and purified. The NMR 
spectrum and the melting point were identical to an authentic com-
. . 20  pound prepared prev1ously. In a second attempt, the reducing 
agent was poisoned using three equivalents of tertiary butyl alcohol. 
Reduction of the chloridate was carried out under similar conditions 
with the new poisoned reducing agent. Again the formation of 2-
chloromethyl-2-methylpropane-1,3-diol as the only iso l ab l e  product 
unknown 
products 
indicates that the phosphorinan ring system is not stable to re-
ducing conditions. 
In a more direct approach to the cyclic hydrogen phosphite, 
2-chloromethyl-2-methylpropane-1,3-diol was treated with diethyl 






CH2\ L-o _H __ + __ c_2_Hs_l 0"--._ p /0 
H3C
/ "'-._CH2IOH c2H5I 0/ ""-..H + 
an elevated temperature with toluene as solvent. The reaction did 
not proceed to give the desired cyclic product even under reflux 




confims that reaction did not take place. Having realized that the 
phosphorinan ring system is susceptible to reducing agents, a 
different approach was selected to prepare the phosphonyl radical. 
The approach selected was an oxidative pathway. Prior work suggests 
that hydrazine derivatives constitute a very useful group of radical 
initiators.2
1 
The formation of a molecule of nitrogen provides a 
strong driving force for dissociation. An attempt was made to pre-
pare phosphonyl radicals in the ground state by oxidizing a hydra-
zine derivative of the phosphorinan ring system. 
18 
Preparation of trans-2-Hycirazino-5-chloromethyl-5-methyl-2-oxo-1,3,2-
dioxaphosphorinan, the trans-Hydrazide. 
The trans-hydrazide prepared from cis-chloridate is required 
as a precursor. Treatment of two equivalents o.f hydrazine with cis-
chloridate gives the trans-hydrazide, Equation 9. The reaction 
proceeds by inversion to give only one isomer, the trans-hydrazide 
h. h ' . 1 f 11 h d ' 22 w �c 1s typ1ca or a non-e arge am1nes. Inversion can be 
explained on the basis of a lack of oackbonding between the nucleo-
phile and phosphorous. The chemical shift values of the 5-methyl 
9 
hydrogens is proof that the chloromethyl group is equatorial which 
places the new ligand also equatorial. This structural assignment 
is entirely in agreement with simple amides prepared from the cis-
chloridate and primary or secondary amines. The conformations of 
the latter have been determined by X-ray crystallography.
23 
Elemental analysis conforms to the expected empirical formula of 
the product. Derivatives of the trans-hydrazide prepared from 
both acetone and benzaldehyde-conclusively confirms the structure, 
Scheme I. The different chemical shifts of the methyl groups a and 
b ($cheme I) in the acetone derivative indicates that the groups are 
19 
in a different environment. This suggests that the derivatives could 
have a spirophosphorane ring structure. In a model compound such as 
2-N,N-dimethyl-5-chloromethyl-5-methyl-2-oxo-1,3,2-dioxaphosphorinan, 
Figure 13, only one peak is observed for the N-methyl hydrogens. 
Absence of a peak at 1689-1471 cm
-l 
due to C=N stretching in the IR 
spectrum strongly suggests the possibility of the spirophosphorane 
ring structure for the derivatives. The ring structure was also 
suggested by the NMR spectrum of the acetone derivative at elevated 
temperatures. The two methyl peaks failed to coalesce to give a 
simple broad peak even upon reflux of a deuterated dimethylsulfoxide 
solution of the derivative. Appearance of a weak peak at about 
ISO ppm in the completely decoupled 13c NMR spectrum is evidence of 
24 a non-protonated carbon atom . Such a carbon atom appears in both 
the straight chained and cyclic structure. 






hypochlorite was selected as the oxidizing agent . Tertiary butyl ­
hypochlorite is known to convert amines to N-chloroamines . 25 It is 
soluble  in many organic solvents and the bulky hydrocarbon moiety, 
for s teric reasons , does not combine with the phosphorinan ring 
system . In fact , we have never been able  to iso late the 2-tertiary-




Oxidation of trans -Hydraz ide in Tert iary butylalcoho l . 
Treatment of trans -hydrazide wi th two equival ents of terti ary 
butylhypochl orite at an elevated temperature (-S0 °C)  g ives a new 
product , trans - chloridat e ,  in high yie l d, Scheme I I . Tert . butyl -
+ t•BuOCl � 
Scheme II 
+ N2 + Cl· 
+ t·BuOII· 
alcoho l ,  water and t ert . butyl chloride were i solat ed as byproducts. 
A quant itat iv·e evo lut ion of ni trogen gas was measured . Trans - chlori-
date was .the only i somer formed ; the other isomer was not det ected . 
The chemical shifts o£ hydrogens on the 5 -methyl group are, as 
expect ed , downf i e ld from tho s e  of the corresponding c i s  i somer . The 
structure of the new product ,  the trans chloridate , was confirmed 
by conversion with primary and secondary amines to known amides ,  
Scheme III. Attempted recrystal lization of the new product from 
H-0 ) 
) 
Scheme I I I  
hot water produced a staole  pyrophosphate ,  Equation 1 0 .  
In the solvent t-butyl alcoho l ,  the ratio of hydroxyl groups 
to hydrocarbon moiety is relatively low . The tertiary butoxy 
radical , if formed , does not recombine with the phosphonyl radical 
23 
due to s teric reasons . Th.e phosphonyl radical produced combined 
with the chlorine radical to give the phosphorochloridate with're-
tained stereochemis try . This is true even though the isomer formed 
is thermodynamical ly the least stable . The l ifetime of the phos-
phony! radical must have been very short and recombination with the 
chlorine radical may have taken place within the solvent cage . The 
24 
10 
fact that the least stable  chloridate is exclusively formed , suggests 
that the phosphonyl radical retains its original geometry . The phos -
phorous atom, unlike the carbon radical ,  does not rehybridi ze nor 
does the radical approach planarity . The nature of the byproducts 
and the fact that t -outylhypochlorite readily converts amines to 
N-chloroamines suggests that our proposed mechanism is correct ;  
chloridate i s  formed via a phosphonyl radical . Cyclic hydrogen 
phosphite cannot be an intermediat e in chloridate formation; t -
butylhypochlorite under identica l conditions does not oxidize 
diethylhydrogen phosphite to give phosphorochlorida t e, Equation 1 1. 
25 
t·BuOCl No Reaction 1 1  
Oxidation of trans-Hydrazide in Benzene . 
Treatment of trans-hydrazide with two equival ents of tertiary 
butyl hypochlorite  in benzene _at an elevated temperature gives a dark 
viscous liquid . Several attempts to purify the.viscous liquid have 
failed_ . 
Oxidation of trans-Hydrazide in Acetonitril e . 
In the solvent acetonitrile ,  treatment of trans-hydrazide 
with two equivalents of tertiary butylhypochlorite gives a mixture 
of isomeric chloridates with the retent ion product as the predomina-
t ing isomer . Again, the products were identified not only via NMR 
spectroscopy but al so by conversion to a known amide . It  appears 
that the lifetime of the radical is increased in acetonitril e ,  and 
this increased l ifetime could have led to the isomeric mixture . A 
second pos s ibility could be due to the polar nature of the radical 
transition state . This could be especial ly true where the counter 
radical involved is  highly electronegative ,  Figure 15. In the 
second part of thi� thesis ample evidence wil l  be g iven to show that 
the phosphorous cation, unlike the radical , does not retain its 
geometry . At this  stage , it is conceivabl e  that the solvent has an 
important ro l e  in deciding the geometry and structure of the phos-
0-J 
• C l  
Figure 1 5  
phonyl radical . Polar solvents with a high diel ectric constant 
enable  a radical transition state with. some ionic character to form . 
The polarized radical may not completely retain its geometry . 
26 
The results obtained in tetrahydrofuran are the same as those 
found in acetonitri l e ,  Table I .  These results confirm that the phos-
phony! radical produced in the ground state may equilibrate s lowly 
in po lar solvents . 
Oxidation of trans -Hydrazide in I sopropylal cohol . 
Upon oxidation of the trans -hydrazide with two equival ents 
of tertiary butylhypochlorite in isopropylalcohol ,  the solvent is 
preferential ly oxidized to acetone . The reaction i s  exothermic . 
Under the reaction conditions acetone is  removed leaving behind the 
substrate unreacted . 
Oxidation of trans-Hydrazide in Methano l .  
In the solvent , methano l ,  the results obtained are quite 
different .  Oxidation of hydrazide with two equival ent s of tertiary 
Tabl e I .  Oxidation o f  trans -Hydra zide with two Equival ents o f  Tertiary Butylhypochl orite  in 
Different So lvents . 
Chl oridate Rat ios 
Solvent 
% cis (Inversion ) % tran s (Retention) 
tert . BuOH - 1 00 
CH
3
-c=N 37 63  
T . H . F .  37  63 
N -......) 
butylhypochlorite gives a mixture of methyl ester isomers , in the 
thermodynamic ratio2 2  with the cis predominat ing . An initial inter -
pretation of the result suggests that chlorine radical prefers to 
abstract a hydrogen radical from the solvent . The resulting methoxy 
radical could have combined with the phosphonyl radical to give a 
high yield of methyl esters . Actual ly the phosphonyl radical does 
not form in methano l . Hydrochloric acid generated in the reaction 
catalyzes the methanolysis of-the 2-hydrazinoadduct perhaps via a 
phosphacyl itDD ion (Part II) . 
Trapping Attempts 
K . U .  Ingold,  et al . have success.ful ly trapped simple  phos­
phonyl radicals with 2 , 4 , 4-trimethylpent -2-ene . 1
3 
The resulting 
adduct radical is studied in terms of its EPR spectra . In a simi lar 
attempt to trap our phosphonyl radicals generated by oxidation of 
trans-hydrazide, preferential oxidation of the substituted pentene 
is observed . Reactants are recovered after the removal of the 
solvent . 
Preparation of cis - 2 -Hydrazino-5 -chloromethyl -5 -methyl -2-oxo - 1 , 3, 2-
dioxaphosphorinan, the cis�Hydrazide . 
28 
Treatment of trans-chloridate prepared from trans -hydrazide , 
Scheme II, with two equival ents of hydrazi.ne gives the cis -hydrazide , 
Equation 1 2 .  Since hydrazides are prone to acid hydrolysis ,  this 
reaction must be carried out under completely dry conditions .  
Surprisingly, the cis -hydrazide does not have it s 2 -sub stituent 
group in the equatorial position . The NMR data indicates that the 
2 9  
1 2  
hydrazine moiety in the cis-isomer is axial, which is different from 
the simple phosphoramidates, 22 ··Table II. The same anomaly is true 
in the case of the cis-amide analogue prepared by treatment of trans-
chloridate with gaseous ammonia, Equation 13 . It appears that in 
13 
these two exceptional cases, that the desire of the ring to attain a 
stable conformation overcomes the stabilization due to an annomeric 
effect, an effect exclusively felt by amido groups when they are in 
the equatorial posit io n. 23 Interaction, 1 , 3-dipo lar and rel ief of 
steric strain coul d have also contriouted to the conformational irre-
gularity . X-ray crystallography studies hav� shown that 3 , cis -2-oxo-
2 - (dimethylamino) -5-tert . butyl -1 , 3 , 2 -oxaazaphosphorinan, Figure 16 , 
adopts a chair conformation with the 2 -substituent in the axial 
position.26 St eric effects of the t- butyl group at the 5-position 












l l  









































3 . 83 
3 . 70 
3 . 5 1 
3 . 68 
3 . 62  
; c i s  
CH
3 




1 . 1 1 
CH





3 . 45 
-�- --










Figure 16  
is  greater than that of dimethylamino group at th.e 2-pos ition . This 
larger steric effect of the t - butyl group forces the dimethylamino 
group to be axial rather than equatorial . 
Oxidation of cis-Hydraz ide in Tertiarybutanol .  
Treatment of cis-hydrazide with two equivalents of tert . 
butylhypochlorite in tert . butano l gives a mixture of isomers of the 
chloridate with the retention product as the predominating isomer . 
Again, the products were identified not only via the ir NMR spectra 
but also by conversion to known amides . No tert . butyl ester is  
formed .  The reason for the partial isomeri zat ion of the radical can 
be rationalized on the basis that the radical tends to attain a 
most stable  ring conformation . Interaction, 1 , 3-dipolar, could 
have led the less stable radical to leak to the more stable  one , 
Equation 14 .  So lvents such as methyl ene chloride us ed in the pro -
cess of purification of the chloridate , do not cause isomerization . 
Upon standing at room temperature for 24 hours, a sample of trans -
31 
More 1,3-dipo1ar interaction Less 1,3-dipo1ar interaction 
chloridate dissolved in methylene chloride showed no evidence of 
isomerization. 
The factors which influence the lifetime of the phosphonyl 
radical were investigated . The nature of the so lvent has a role to 
play in varying the lifetime of the pho sphonyl radical as evident 
from Table I .  In addition, the lifetime of the counter radical 
could influence the conformational stability of the phosphonyl 
radical . In order to acquire more knowledge in this area , several 
32 
14 
approaches were taken to increas e the lifetime of the counteT radical 
invo lved in the oxidation of the hydrazides .  Att empt s  were made to 
prepare a trans - 2 -alkyl (aryl ) hydrazino adduct by reacting trans -
hydrazide either with methyl iodide , acetic anhydride or benzyl 
chloride. The attempts  were not successful due to the fact that 
the amino group of the 2-substituent position is not basic enough 
to be alkylated or acylated . In a more direct approach, treatment 
of cis -chloridat e with two equival ents of phenyl hydrazine gave the 
trans-phenyl hydrazinoadduct in high yie ld, Equation 15. Due to 
lack of backbonding between the incoming group and phosphorous , 
. . k 1 1 . 1 22 1nvers1on ta es p ac e exc us1ve y . As in the case of simpl e 
+ 
hydra zides , only one isomer, the trans isomer is formed . The 
s tructural assignment is based on NMR chemical shift values . 
In an attempt to oxidize the trans-phenylhydrazide in 
tertiarybutanol using two equival ents of tertiarybutylhypochlorite , 
the phosphorinan ring , as evidenced from the spectrum of the 
product , opens to give unknown products .  Though the reason is not 
33 
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exact ly known , one possibility could be. that the oxidizing agent used 
was too s trong . 
Previous studies indicate that yel low mercuric oxide can be 
effectively us ed as an oxidizing agent to produce azo compounds from 
. 2 7  substitut ed phenylhydrazides .  Accordingly, oxidation of trans -
phenyl hydra zide in benzene with yel low mercury oxide gives the azo 
intermediate ,  Equation 16 . I solation of an equival ent of water and 
mercury as the byproduct s  confirms that oxidation takes place . A 
dimethyl formamide solution of the presumed azo compound was heated 
at an elevated temperature . Although nitrogen was evo lved , the 
[0] � 
HgO 
phosphorinan ring system apparently was not retained . The NMR 
spectrum of the product closely resembled the spectrum of biphenyl . 
34 
1 6  
SUMMARY 
A new synthetic route to produce a phosphonyl radical in 
the ground state has been dev ised .  The radical i s  capabl e  of main­
taining its structural integrity and geometry . In po lar aprotic 
so lvents the radical can equil ibrate depending upon reaction condi­
t ions . Our re sults are s ignificant for they show that the homo lytic 
cleavage of a phosphorous oxygen bond could by changing the confi ­
guration at phosphorous , influence the bio logical properties of 
natural ly occuring phosphorous compounds .  
35 
PART - I I  
Phosphacyl ium Ion 
37 
INTRODUCTION 
The recognition of monoesters of phosphoric acid as important 
intermediate metabol ites and diesters of phosphoric acid as important 
components of nucleic acids has led to extensive inves tigations into 
al l aspects of the chemistry and bio logical act ion of phosphate 
esters . Energy tran sducers in bio -chemical systems such as phos-
phoric anhydrides (ATP) ,  phosphoramides (phosphocreatine) or  enol 
phosphates (phosphoenolpyruvat�) involve the synthesis  and breakdown 
of phosphate ester linkages . An understanding of the mechanisms of 
phosphorylation and dephosphorylation are paramount to an understand-
ing of the rol e  of many important pho sphorous compounds in life . 
The mechanisms by which phosphate esters undergo chemical 
transformations are not wel l  understood . Mechanisms in organophos -
phorous chemistry have always been interpreted based on analogy to 
classical carbon chemistry mechanisms. Thi s is especial ly true in 
the comparison of carboxylic acid esters with phosphoric acid esters . 
Many reactions of phosphate esters have been postulated to take place 
by way of two maj or mechanisms . One maj or mechani sm of phosphoryla-
tion is analogus to the SN2 reaction of carbon chemistry whereas the 
th . d" d . d . 28  o er 1nvo lves pentacoor 1nate 1nterme 1ates . Bes ide these two 
associative mechanisms , a dissociative pathway which invo lves either 
monomeric metaphosphate or a phosphacylium ion as an int ermediat e is 
possible . The latter is in rough analogy to the SNl reaction found 
in carbon chemis try . Al though there are many examp l e s  of disp l acement 
at phosphorous proceeding-by as sociative pathways, there are onl y  a 
f h . 1 f h d .  . . 2 9 , 30 ew aut ent1c  examp es o t e 1s soc1at1ve route . 
Dissoc iative mechanism 
Carboxylic  acid esters can undergo displacement s via a 
38 
dissoc iat ive route , a mechanism which invo lves an acyl ium ion inter-
mediate . Acyl ium ions have been recogni zed as intermediates in 
certain organic reactions for many years . They exist  as  a positively 
charged species . According to val ence termino logy, the charge is 
distributed between carbon and ·oxygen, Figure 17 . Due to the high 
+ + . .  
R - C == Q R - C =:. Q  . . 
Figure 1 7  
el ectronegative nature of oxygen, the charge i s  assumed t o  exist pri -
marily on carbon . Since every atom of the acyl ium ion has an octet 
of electron s ,  they are more stable  than carbocations . They have been 
detected by cryoscopic methods . Early studies have shown that acyl ium 
ions are generat ed when an orthosubstituted ben zo ic acid is  dissolved 
in sul furic ac id, 31  Equat ion 17 . They can also be produced by 
+ 17 
3 9  
Friedel -Crafts acylation reactions . Addit ion of a Lewi s  ac id such as 
aluminum chloride to certain alkyl halides produces the acyl iurn ion , 
Equation 18 . Acylium ions generated in this manner can act as 
el ectrophiles , Equation 19 . Acyl ium ions do not undergo the rearrange-
+ 
R - C =O + + 
0 
) 




By analogy, the phosphorous counterpart , the phosphacyl ium 
1 9  
ion, Figure 1 8 ,  might be an intermediate in the dissociative displace -
Figure 1 8  
ment reactions of  phosphoric acid esters. Our obj ect ive in thi s 
40 
section i s  to find a suitable system which wi l l  give us direct 
stereochemical evidence for the part icipation of a phosphacyl ium ion . 
The system we used i s  again the 2-substituted phosphorinan ring system . 
It is ideal ly suited for the detection of a phosphacyl ium ion as an 
intermediate in a displacement reaction at phosphorous . Elaborate 
s tudies in the pas t have shown that the pos sible geometrical isomers 
( . d ) f . 11 .. b ' l  2 2 , 1 8 , 5 c1s  an trans are con ormat 1ona y �o 1 e .  Both cis and 
trans isomers of reactants and products  are distinguishab le by s imple 
NMR measurements . If both the cis . and trans isomers of the reactant 
give ident ical product rat ios ,  a common intermediate is highly 
probable . 
Prior to this work there was no strong stereochemical evi-
dence to support either the existence of a phosphacyl ium ion as an 
intermediate or a dissociative displacement . This thesis  wi l l  present 
the first stereochemical evidence for the participat ion and existence 
of a phosphacyl ium ion . 
41 
HISTORICAL 
Substitution at phosphorous in phosphate syst ems has tra-
ditional ly been postulated as proceeding through associative pathways . 
The int ermediat e  or transition state has a pentacoordinated phos-
phorous atom, Equation 20 .  Many l ines of  evidence ,  based on  kinetic 
+ y 
z II Y - - - - P--- -X 
/ \  
A B 
transition state 
and stereochemical result s , 32 have been deve loped to support this  
2 0 
mechanism .  I sotope labelling has al so been used to establish the type 
of P-X bond c l eavage . 33 As required by any bimolecular transit ion 
state , the entropy of act ivation for mo st of the reactions following 
the associative pathway i s  moderat ely large and negative . Dis-
placement react ions at a tetrahedral phosphorous proceeding by a 
dissociative pathway are few and largely confined to phosphate 
derivatives . Dis soc iative mechani sms have been promoted by a number 
of laboratories to explain the reactivity of ATP and p -nitrophenyl -
1.. h . d "  . 3
4 -40 
P� sp ate esters under certa1n con 1t1ons . It  i s  now generally 
accepted that subst itution with certain simple ionic phosphate esters 
take place not by direct attack on the phosphorous atom, but by a 
unimolecular el iminat ion mechanism . Most involve a hypothetical 
h h . d "  32 metap .osp ate 1nterme 1ate . The pos sibil ity of a unimo lecular 
mechanism by way of a monomeric metaphosphate ion has been studied 
extensively by Westheimer a�d hi s coworkers .
28  
The Monomeric Metaphosphate Mechanism 
Monomeric metaphosphate ion, P03 -, i s  thermal ly stable . It 
has been detected in the gaseous phase in a negative ion mas s  
4 1  spectrometer . It  readily reacts with nucleophil es o r  polymerizes 
to various phosphates.  Monomeric sodium metaphosph.ate has been pre -
pared at high temperatures (1600 ° ) ,  trapped in a l iqn.id argon matrix 
42  and identified by infra-red spectro scopy . Monomeric methyl meta -
phosphate can be generated by the decomposition of a beta-halophos -
phonate, Equation 2 1 . The reaction is stereospecific and invo lves a 
42 
B CHB CH ---- c 6H5 - C Br = CHC H 3 + B r - + CH 30P0 2 c6H5 -y r - r - 3 --, 21 
CH30 - P02 
t 1 .  . . 4 3 , 44 rans-e 1m1nat1on . The erythro isomer yields the E-olefin,  
whereas the threo isomer yields the Z-olefin . The metaphosphates 
generated in these reactions are strong electrophiles  and wil l attack 
tne act ivated aromat ic rings of substituted ani l ines at -80 °C ,  
Equation 22 . Although mo st of the product isolated in this reaction 
cons isted of polymeric methy1 metaphosphate , electrophi lic subst itution 
took place to g ive a low yi eld of aromatic pho sphonic acids . Only 
a powerful electrophile can give rise  to  substitution products under 






2 2  
+ 
dependent upon the so lvent employed . Nuc l eophi l ic so lvent s , such as 
acetonitri l e  and dioxane , almos t  quench the subst itut ion react ion . 
The metapho sphate acting as an el ectrophi l e  adds to the unshared 
electron pairs of ace tonitri l e  and dioxane to produce a l es s  act ive 
and more . s el ective phosphorylating agent . The new agent produced can 
attack the nuc l eophi l ic nitrogen of methylani line , but not the ring . 
Methylmetapho sphate has been trapped successful ly by a number of 
reagents ,  i . e . , acetophenone . Here the metapho sphate attacks the 
carbonyl group of the ketone to produce a ketopho sphat e ,  Equat ion 23 . 
The ini t ial product , the ketopho sphat e ,  tautomeri zes t o  the more 




achieved with a monomeric metaphosphate ion in p lace of methyl meta-
phosphat e .  In add i tion to the react ion of metapho sphat es with ketones 
to yie ld eno l pho sphates , they can be used to promot e  the format ion 
of Schiff bas e s , Equation 24 . F .  Ramire z ,  et a l . ,  has found two 
+ �P03 C 6HSNH2 .?P03 � c 6H5 - c  - CH3 ) C 6H5 -� - CH 3 
+ NH2· c 6H5 
C H - C  - CH3 + H2Po4 6 5 11 
N -C 6H5 
dd . ... h h t h h t . . 1 . 36 a 1t1ona1 met ods to generate t e me ap osp a e 10n 1n so ut 1on . 
24 
Either react ion of 2 , 4 -dini trophenylphosphate ( 1 )  or erythro -1 -pheny1 -
1 , 2 -dibromopropy1pho sphonic acid C2) with bas e at 2 5 °C read i ly give s 
the met apho sphate ion , Scheme IV .  As in prev ious s tudies , the 
(I) 
( 2 )  




28 So lvent ' 
Scheme IV 
0 C Br = CHCH3 + po3 - + 
8 r - + 28H+ 
metaphosphat e ion was trapped with a nucl eophi l e . The nuc l eophile  
45  
used in this  case  was an equimo lar mixture of methanol and t -butanol . 
Reaction of metapho sphat e ion towards nucl eophi l es is s el ec t ive . The 
ion showed preference for methanol over tert iary butano l presumab ly 
for steric reasons . 
I .  Oney, et al . ,  have reported that the s o lvo lysis  of 
dimethylpho sphoramidate ,  [ (CH3o) 2P (O) NH2 ] , proceeds v i a  a metaphosphate 
. t d "  
4 5  1.n erme 1.ate . I t  undergoes phosphorous -oxygen bond c l eavage in 
dilut e  alkal i .  A spec ial mechani sm propo sed by P . S .  Traylor and his 
associate s  for the alkal ine hydro l ysis of N , N ' -dipropy lphosphorod i -
amidic chloride invo lves the format ion of an anion o f  the phosphore -
d ' . d 
. d . t 46 E t . 25  1.am1. ate a s  an 1.nt erme 1. a  e , qua 1.on . Bas ed on kinet ic 
46 
RNH " 
P =0 + X  
RW/ 25 
+ OH 
X is a leaving group 
resul t s ,  c on s id erabl e  support for the format ion of a monomeric 
metapho sphate intermediate i s  advanced . 
The po s s ib l e  part icipation of a pho sphacyl ium cation formed 
during nuc l eophi l ic substitution has been invest igated in onl y  a few 
laborator1· es .
4 7 - 5 0  Th · b · l · t  f f t •  f h � e pos s �  1 1 y or orma 1on o sue an 1nter-
mediate through a di ssoc iative mechanism has usual ly been regarded 
to be very l ow .  Haake and his coworkers have found ev idence for its 
part i c ipation in the hydro l ysis of sterical ly hindered chloropho s ­
phinates
4 7  
and phosphinamides .
48 
Rearrangement o f  bis ( S , S -dimethyl -
2-oxo- 1 , 3 , 2 -dioxaphosphorinanyl ) sul foxide may involve a dis soc iative 
h . Sl E . 26 mec an1 sm ,  quat 1on . I sotope l abe l l ing experiment s  and kinetic 
26 
studies hav e  c l arified the positions of attack by water on the tri -
po lypho sphat e chain of ATP and on the diphosphate chain of ADP at 
. 
5 2 pH values ranging from 0 to 8 . 3 .  At very low pH values ,  the non-
enzymatic hydrolysis  proceeds by addition-el iminat ion pathway where -
as at pH 8 . 3 , the hydro lysis occurs by el imination-addition . Over 
the entire pH range studied , no oxygen exchange was detected between 
water, ATP, ADP and inorganic phosphate .  J .  Michal ski and his co-
workers looked for stereochemical evidence for the existence of a 
phosphacylium cation during nucl eophilic displacement at a tetra-
53 coordinate phosphorous ester . They used a mixed phosphor�us-
sulfonic anhydride ,  chiral at phosphorous, to study the stereo­
' chemistry, Figure 1 9 . The system they sel ected is ideal ly suit ed 
t - Bu "-. �
s 
p  0 
/ ""' I I Ph O - S - CH 




for the study; the leaving group has favorabl e  electronic characteris -· 
tics for a unimolecular dissociation . Evidence that the transition 
state in the alkal ine hydro lysis of the optically act ive mixed an-
hydride is  relat ively po lar was found . That a phosphacylium ion 
acts as an intermediate in the hydrolysis is sti l l  uncertain , 
Equat ion 2 7 . S ince the hydrolys is was stereo speci£ic , proceed-
ed .by compl ete inversion , there is no likel ihood for cat ion 
formation . In analogy with carbon chemis try, formation of the ion 
s 
I I  
, P  
Ph"./ �"OH 
t - Bu 
( - ) S [a]�0 = 
s I I  
, P  
HO./ �""Ph 
t - Bu 
20 (+ ) R[a]0 = 
+ CH3so2C l  
Et3N 
- 2 1 . 1 ° 
+ 2 1 . 1 ° 
would be expected to l e ad to racemi zation . I t  would appear that 
48 
2 7  
the int ermediate i n  the hydrolys is contains a pentacoordinated phos ­
phorous atom with a l eaving group and attacking nuc l eoph i l e  attached 
concurrent ly . 
That pentaval ent , tetracoordinat e phosphorous i s  reluctant 
to react by a d i s so ciat ive mechani sm was exp lained on the bas i s  of 
h . b d . 4 7  Th 1 f d "  c anges 1n on energ1es . e re uctance o tetracoor 1nate 
p entav l anet phosphorous to reduce its coordinat ion number was 
summari z ed : "The energy of so lvat ion of the. dissociated species plus 
the increa s e  in bond energy in the remaining bonds is l e s s  than the 
bond energy of the bond which breaks in the d i ssociation , " Equat ion 2 8 . 




H, and their derivatives have been studied by 
NMR and by cryo scopic met hods . Freez ing point depres sion studies 
49 
f£ (Solvat ion + � (_Dond remaining ) < E (bond d i s soc iat ive) 2 8  
have disproved the existence o f  a phosphacyl ium ion . 
Further , a number of addit ional s tudies on b i o l og ical systems 
shoul d be ment ioned . G .  Lowe afid his as sociates  have reported that 
p hosphoryl transfer in adenos ine triphosphate occurs by a disso -
. � h . 
5 4  
c1at1ve mec an1 sm . This transfer is catalyzed by rabb it mus c l e  
pyruvat e kinase . Conv ers ion o f  ur idine triphosphate (UTP) t o  cytidine 
triphosphat e (CTP ) by the enzyme CTP - synthetase was shown to oc cur 
via a tetrahedral int ermediate .
55  
Rose and his coworkers have pro -
pos ed eno lpyruvat e  as a transi ent int ermediate in the en zymat ic 
5 6 reaction of phosphoeno lpyruvat e (PEP) with pho sphatas e ,  Equat ion 29 . 
ac id 
pho sphatase  
) 
( E) - P EP - 3 - t  
pyruvat e 
) k inase 
o2c� /0 
c I 
, , c ' ' 
T· · ·  � · .. H 
D 
( 3s ) pyruvat e 
Eno l a t e  2 9  
For the react i on of inosinic acid with L-aspartate to yi
_
e ld adenylo ­
succinate,  ev idence was pres ent ed by L ibermann for the transfer of 
carbonyl oxygen to inorgani c  phosphate ,
5 7  
S cheme V .  Though the 
HO C - CH - CH - CO H 
2 1 2 2 
OH NH 
CX> + L -aspartat e + GTP ----7 (X:I> 
N I 
ribo s e - S ' - ribo s e - S ' -
pho sphate pho sphate 
+ GDP  + P i  
Adenylosucc inat e --'):::.. ASP +. ( fumara t e )  
A S P  ---->� adeno s ine -S ' -phosphate 
GTP ----�) Guano s ine tripho sphate  
Scheme V 
mechanisms of the s e  bio-chemical reactions are not known in 
_
detail , 
they are at l east  in a formal s ens e ,  para l l e l  to the one s tudied by 
Wes theimer and Ramire z ;  a metaphosphate ion invo lved as an inter -
med iat e  in d i s soc iativ e  disp l acement reactions . These s tudi es en -
hance the pos s ibl e  exi s t ence of a disso c iat ive disp l ac ement react ion . 
D i s sociat iv e  disp lacement s might occur either v ia a monomeric meta -
pho sphat e or by a dialkoxyphosphorous cation (phosphacyl ium ion) . 
Proof for the existence of a cat ion should have great bio l og ical 
imp l icat ions . The fact that a cat ionic int ermediate has not prior to 
so 
5 1  
this t ime been detected o r  described makes our study t imel y . 
SYNTHES IS , RESULTS AND D I SCUSS ION 
Although th.e SN
2 (P) mechani sm is fami l iar in pho sphorous 
chemi stry ,  evidence for a S
Nl (P) mechani sm has been s l ow to appear . 
The mos t  conv inc ing evidence for the existence of a dissociat ive 
mechanism has been pres ented by Wes theimer, Ramire z and their co ­
workers . The ir proposal invo lves a monomeric methyl metapho sphate 
as an intermediate . Authent ic stereochemical evidence for a di s ­
sociative d i sp l acement , however, has not been pre s ented . 
5 2  
The 2 - subs t i tut ed - 5 -chloromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -d ioxa­
phosphorinan syst em has proven to be a mos t  valuabl e  sys t em in 
detennining the s tereochemi s try of subst itut ion reac ti ons . I n  the 
pres ence of a good l eaving group at the 2 - subst ituent pos i tion, the 
pho sphorinan ring system undergoes so lvo lysi s  both by retent ion and 
invers i on .
5 Factors which give ri s e  to either ret ent ion or invers ion 
at the phosphorous atom have been studied ext en s iv e l y  in this l abora­
t ory . One dec iding factor is the extent of back.bond ing between 
attacking nucl eophi l e  and the phosphorous atom . Effi cient back ­
bonding leads to ret ent ion whereas invers ion i s  favoured by nuc l eo ­
phi l es which are poor backbonders . An increase in the po s i t ive 
charact er at the phosphorous atom can increas e the efficiency of 
backhand ing . Either e l ectron withdrawing l igands attached t o  the 
phosphorous at om or Lewis ac ids bonded to the bas i c  phosphoryl 
oxygen can increas e the posi tive charact er of the phsophorous atom . 
In the earl ier part of thi s thes i s ,  we ment ioned that the 
oxidat ion of trans - 2 -hydrazino - 5 -ch loromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -
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dioxaphosphorinan, the trans  hydrazide , in met�anol with tert . butyl ­
hypochlorite gave a mixture of isomeric methyl esters . The formation 
of the esters could have occurred by heterolysis ,  acid catalyzed 
solvolysis . This led us to investigate the acid catalyzed solvolysis 
of the 2 -hydrazino adduct . It  is important to note  t hat in the 
absence of an acid catalyst substitution does not occur . 
Methanolysis  of Hydrazides using Hydrogen Chloride as Catalyst 
Passing hydrogen chloride gas through a solution of the trans ­
hydrazide in methanol gives a mixture of isomeric methyl esters with 
the inversion product as the maj or isomer (81 %) , Scheme VI . The 
cis-hydrazide,  in contrast , under identical conditions g ives 67% 
of its inversion product . These room temperature reactions are much 
faster than the corresponding methano lysis of 2 -N , N-dimethylamido -
5-chloromethyl -5 -methyl -2-oxo- 1 , 3 , 2-dioxaphosphorinan which proceeds 
very slowly by 1 00% inversion .  Other phosphoramidates have also been 
reported to undergo acid catalyzed solvolysis by 1 00% invers ion.5 8  
Since the hydraz ides give both invers ion and retention and a t  a 
faster rate, they must solvolyze by a mechanism which is  differ.ent 
from that of the phosphoramidates . 
In the cas e of the hydrazides ,  the high percentage of inversion 
is a consequence of monoprotonation of the leaving group by the 
relati�ely weak acid,  hydrogen chloride . As a resul t of monoprotonation 
and the resulting negative inductive effect , the bond to the leaving 
group is stretched. Bond stretching increased the positive character 
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the nucleophil e  predominantly from the backside in an SN2 fashion . 
The fact that retention is also observed must mean that bond breaking 
is farther along in the transition stat e  than in the case with simple  
amides where 100% inversion is observed . The greater retention in 
the cis -case, Scheme VI, can be explained by assuming that bond break­
ing in the transit ion state is even more advanced than is the case in 
the methanolysis of the trans-hydrazide . Dipolar interactions would 
be expected to be greater in the cis starting material CNH2 · NH-axial ) 
than the trans and steric effects would accelerate the departure of 
the l eaving group . In the case of the trans-isomer, attack of the 
nucl eophil e  occurs before complete departure of the l eaving group . 
to give a transition s tate with considerable  positive character at 
phosphorous . In the case of the cis-isomer, tendency towards 
planarity may tak e  place and attack o� the nucl eophile occurs from 
both sides of the plane to give more of the retention product , 
Scheme VI I .  
Attempt s to Stabi l ize the Positively Charged Intermediate : - Solvent 
Effect s  
Solvents with high dielectric constant are known to stabilize  
ionic species . In an attempt to stabil ize the possib l e  phosphacylium 
ion- like intermediate , methanolysis was carried out in an equal volume 
of acetonitrile and methanol . Treatment of trans -hydrazide with 
gaseous hydrogen chloride in the solvent mixture gives a very low yield 
of methyl esters and a large quant ity of crystalline product . Single 
crystal neutron diffraction studies indicate that acetonitrile reacts 
tran s -
+ 
H3C ��6: • • • • • • • . CII30H 
. . · · ··r,o .. ' : CH30H l Q G r:m • NH3Cl 
Pl anartrans it ion State 
Scheme VI I 
5 6  
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with hydrog en hal ides to g ive crystal l ine imminohydrohal ide ,
5 9  
F igure 20 . 
Figure 2 0  
Treatment o f  c i s-hydrazide with gaseous hydrogenchloride i n  a n  equal 
volmne of methano l and ac etonitri le g ives exc lusiv e l y  imminohydro -
chlor ide as the onl y  product . In another attemp t , trans -hydraz ide,  
disso lved in an equal volume of methanol and dimethylformamide,  which 
had not been previous l y  dist i l l ed ,  was treat ed with gaseous hydrogen 
chloride . The onl y  product iso lat ed was 2 -hydroxy- 5 - ch l oromethyl - 5 -
methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphorinan , Figure 2 1 . 
Figure 2 1  
I t  appears that the trans -hydraz ide i n  the pres ence o f  even a very 
low concentrat ion of water and acid , undergo es instantaneous hydro lys i s  
58  
t o  g ive t h e  stab l e  2 -hydroxy phosphorinan . It i s  evident from thi s  
experiment that hydraz ides are prone to acid hydro l ysi s and water mus t  
b e  exc luded comp l et el y  i n  their react ions . 
Methanolys i s  o f  Hydrazides using Different Ac id C at alysts 
Treatment of the trans -hydrazide in methanol wit h  SO% (by volume) 
of trifluoroacetic  ac id (TFA) g ives a mixture of i someric methyl 
esters . In contrast to c atalys
_
i s  by HC 1 ,  the maj or product in t hi s  
room t emp erature solvo lysis i s  t h e  trans-isomer, t h e  r et ent ion pro ­
duc t ,  Scheme VI I I . Mo st int eres t ingly,  treatment of c i s -hydrazide,  
under identical condit ions g ives almost the s ame product rat io . The 
result s are best exp lained by as suming a change in mechanism from a 
predominate associat ive route in the HC l catalyzed s olvo lys i s  to a 
predominate dis sociat ive pathway under s trong l y  acidic c onditions . 
The change in mechanism with strength of the acid may be account ed 
for by diprotonation and formation of a superior l eaving group , 
Figure 2 2 . Though our proposed mechan i sm i s  contrary to the fact 
that two po s it iv e l y  charged atoms cannot be adj acent to each other ,  
there i s  a l ikel ihood o f  a s econd proton approaching onl y  after the 
phospohrous -ni trog en bond has undergone cons iderabl e stretching and 
the s econd nitrogen has acquired negat ive charact er . When a methano l ic 
so lution of tran s -hydrazide was treat ed with parato luene sulfonic 
acid , PTSA, a mixture of i someric methyl esters , s imil ar to that 
obtained with TFA was formed , Equat ion 30 . Again the maj or product 
was the trans - i somer, the retention product .  We be l ieve that thi s 
resul t  whi ch strengthens our as sumpt ion that nuc l eophi l ic subst itut ion 
t rans (67 \ )  
c i s  (57\) 
Scheme VIII 
at phosphoryl c entre occurs by d ifferent meachan i sms , one by mono -
p rot onat ion and ano ther by diprotonat ion of the l eav ing group . The 
fact that a nearly identical product rat io i s  formed from both i somers 
of the hydraz ide (Scheme VIII ) indicates that a common int ermediate 
is  h ighly probabl e .  A s l ight d ifference in the product rat io in 
the cas e of the c i s  i somer can be exp l ained by the assumpt ion that in 
5 9  
the trans it ion s t ate the pho sphacyl ium ion intermed iate is  not comp l etely 
PTSA 
CH30H ) 
Figure 2 2  
(67%)  
+ 
free . I t  is evident from the product ratio that the intermediate 
i s  t ending towards p l anarity and at tack of the nuc l eophi l e  occurs from 
both s ides of the p l ane before the departure of the l eaving group . 
I t  appears that the ratio of products formed in the acid cataly zed 
so lvo lysis of the hydra z ides depends , in part , upon the structure of 
60 
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their precursor . 
The trans- 2 -methoxy-5-chloromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxa-
phosphorinan, which is  thermodynamical ly  less stable  than the cis 
isomer, does not isomerize under any conditions to g ive a mixture of 
cis and trans isomers. Thus, the isomer ratios formed in the solvo lysis 
reflect the mode of substitution and are not a result of the isomeriza-
tion of the product following its formation. 
Attempted Electrophil ic Substitution 
Treatment of the trans-hydrazide with TFA in benzene gives a dark 
viscous l iquid. Abs ence of an aromatic peak in the NMR spectrum indi-
cates that electrophil ic subst itut ion has not taken place . The phos­
phacyl ium ion- l ike intermediate , if  formed, must have a very short 
lifetime or be a poor electrophil e .  Before i t  gets trapped b y  benzene , 
it might have undergone rearrangement . Though there is no direct 
structural evidence , appearance of an additional doub l et peak at 2 ppm 
in the NMR spectrum strongly suggests the presence of a new material . 
A possibil ity could be opening of the phosphorinan ring system to give 
a relatively stable  metaphosphate ion, Equat ion 31. Monomeric 
(monomeric metaphosphate ion) 
31 
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28 metaphosphate ion i s  known to po lymeri ze read i ly to g ive pho sphat es . 
No att empt was made to i so late the new product . 
Our above experiment s  indi cate that the s tereochemical outcome 
of methano l ys i s  of the hydraz ides i s  dep endent upon the s trength of 
the catalyst used . We assume that the phosphacyl ium ion ,  although not 
compl et el y  free , approaches a p l anar configurat ion in which the chloro -
methyl group , as is the case with esters , prefers an axial po s it ion . 
If such i s  the cas e ,  preferred attack from the l east hindered s ide 
very nicely exp l ains our product ratio s ,  Figure 23 . 
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SUMMARY 
The stereochemistry of 2-substituted-5 -chloromethyl -5 -methyl -
2 -oxo - 1 , 3 , 2 -dioxaphosphorinans can be established by proton NMR 
spectroscopy.  Methanolysis of 2-hydrazinophosphorinan s  has been 
investigated . Cis  and trans - 2 -hydrazinophosphorinans undergo acid 
. catalyzed methanolysis to give products of both retention and inver­
s ion . The product ratio is dependent upon the strength  of the acid 
used .  Under strong acid conditions , the product ratio  i s  nearly 
identical for both the cis and trans isomers . Stereochemical 
63 
evidence for the participation of a phosphacyl ium ion- l ike intermediate 
is presented . 
EXPERIMENTAL 
1H NMR spectra were recorded on a Perkin-Elmer R- 1 2B 
spectrophotometer at 60 MHZ .  Tetramethyl s i lane (TMS) was used as 
an internal standard . Isomer ratios were obtained by integration 
13 of peaks due to 5 -methyl hydrogens . C NMR spec�rum was recorded 
on a JEOL FX- 1 00 spectrophotometer and the IR spectza on a Perkin-
Elmer 700 spectrometer . Al l melt ing points  were in degrees centi-
grade and are uncorrected . Values were determined on a MeL-Temp 
melt ing po int apparatus . Elemental analyse s were performed by 
Galhra
.
ith Laboratories , Inc . ,  Knoxvill e ,  Tennessee,  3792 1 . 
Methyl bicyc l ic phosphite 
A mixture of 1 , 1 , 1 -trishydroxy methyl ethane,  60 . 0g (0 . 50 
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mol ) , and trimethylphosphite,  62 . 0g (0 . 05 mo l ) , in 1 00 ml of toluene 
was dist i l l ed for 24 hours until  methanol formation was complete . 
The �emperature of the reaction was maintained between 1 1 0 - 1 2 0 ° . 
Toluene was removed under reduced pressure . The result ing white 
crystal l ine sol id was distilled under 1 mm of pressure and collected 
over an ice bath . 
cis-2 -Chloro- 5-chloromethyl -5-methyl -2 -oxo - 1 ,.3 , 2 -dioxaphosphorinan , 
(cis-chloridat e) 
A solut ion of methyl bicyclic phosphite,  37 . 0g (0 . 23 mol ) , 
in 200 ml of carbon tetrachloride was added dropwise with constant 
ice-bath cooling and stirring to a solution of sulfuryl chloride , 
33 . 7Sg (0 . 24 mo l ) , in 200 ml of carbon tetrachloride . After the 
exothermic addition, the solution was stirred for 1 hour and 
stripped under reduced pressure . The l iquid residue which crystal ­
l ized on standing was recrystall ized from carbon tetrachloride to 
give 85% yield of white crystalline product ,  mp . 69-71 ° .  
Reduction of cis-chloridate using Lithium Aluminium Hydride 
The cis chloridate , 2 . 96g (0 . 0135 mol ) ,  dissolved in 25  ml 
of dry ether was added dropwise during one hour to a wel l  st irred 
suspension of 1 . 70g (0 . 045 mol�  of LiAlH4 in SO ml of dry ether . 
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The react ion was carried out in a nitrogen atmosphere and the 
t emperature was maintained @ -2 °C during the addition and for an 
additional reaction period of one hour . Decompos ition of excess 
LiAlH4 was accompl ished at 1 0
° by the cautious addition of exces s 
water fol lowed by 1 25 m1 of 15% aqueous sulfuric acid . The ether 
layer was separated and thoroughly washed with 6% potassium carbonate 
solut ion and then with water . The organic layer was s eparated and 
dried using anhydrous magnesium sulfat e .  The solvent was removed 
under reduced pressure . The NMR spectrum of the crude material 
using CDC 13 showed the presence of 2-chloromethyl -2 -methylpropane-
1 , 3-diol . The yield obtained was low . 
Lithium tri-t -butoxyaluminium hydride, LiA1H[OC (CH3) 3]3 
Dropwise  addition of 74g (1 mo l )  of t -butanol at room 
temperature to a stirred solution of 1 2g (0 . 31 mo l )  of LiAlH4 in 
1 00 ml of ether produces a white precipitate of l ithium tri -t ­
butoxyaluminium hydride in quantitative yield . The n ew reag ent 
proved to be a mi l der reducing agent than LiAlH4 . 
Reduction of cis-Chloridate using Lithium tri -t -butoxyaluminium 
hydride 
The cis-chloridate,  2 . 19g (0 . 01 mol ) ,  disso lved in 25 ml of 
dry ether was added dropwise during one hour to a well stirred 
suspension of 7 . 62g (0 . 03 mol )  of LiAlH[OC (CH3) 3]3 in SO ml of dry 
ether . The reaction was carried out in a nitrogen atmosphere with 
the temperature maintained at -2 °C during the addition and an 
additional reaction period of one hour . Excess LiAlH[OC (CH3) 3]3 
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was decompos ed by the cautious addition of water at 1 0° fol lowed by 
15% aqueous sulfuric acid . The ether layer was s eparated , thoroughly 
washed with 6% potassium carbonate solution and then with water .. 
The organic layer was dried over anhydrous Mgso4 • The NMR spectrum 
of the crude material , after the removal of solv ent , indicated the 
presence of 2 -chloramethyl -2-methyl -propane -1 , 3-diol . The react ion 
was repeated by adding the reducing agent to cis -chloridate . Again 
the product isolated was 2-chloromethyl -2 -methylpropane- 1 , 3-diol . 
cis-2-Chloromethyl -2 -methylpropane-1 , 3-diol 
Thionylchloride,  59 . Sg (0 . 5  mol ) , was added dropwise to 
1 , 1 , 1 -trishydroxymethylethane, 60g (0 . 5  mol ) ,  and pyridine, 40g 
(0 . 05 mol ) , and the mixture heated at 140-160°  for 20  hours . The 
cooled mixture was diluted with an equal vo lume of water and 
extracted with ethyl acetate (tota l 25 0 ml ) . The extract was 
washed with 2N-hydrochloric acid, then with water and dried . 
Distillation of the so lution gave 20g of diol (30% yield) , mp 80-82 ° . 
6 7  
React ion of c i s - 2 -Chloromethyl - 2 -methylpropane - 1 , 3 -d i o l  with diethyl 
hydrogen phosphit e  
A mixture of dio l ,  3 . Sg (0 . 01 2 5  mo l ) , and diethyl hydrogen 
pho sphit e ,  3 . Sg (0 . 0 1 25 mol ) , in SO ml of to luene was heated gent ly 
for one hour with con stant s tirring . No product such as ethano l 
was col lec ted . The so lvent was removed under reduce d  pres sure and 
the crude material on distil lation (1 mm of Hg) gav e  a white sol id 
product , mp . 7 5 - 76 ° . The NMR spectrum of the proudc t  in CDC 1
3 
showed that the dio l had not reac t ed with diethylhydrogen phosphit e .  
tran s - 2 -Hydraz ino -5 -chloromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphori­
nan, tran s -Hydra zide 
The c i s -chloridat e ,  2 . 1 8g (0 . 01 mol ) ,  was d i s so lved in 5 0  ml 
of acetonitri l e  and the so lut ion added dropwis e  to 0 .  64g (_0 . 02 mo l ) , 
of 9 5 %  Hydrazine . The react ion was carried out wit h  constant st ir­
ring and ice-bath coo l ing during the addition and an addi t ional 
react ion p er iod of one hour . The product obtained was f i l t ered at 
an e l evated temperature to remove the i.nso luole hydrazine hydro ­
chloride . So lvent was removed from the fil trate under reduced 
pre s sure . The resu l t ing so l id was recrys ta l l i zed from acetoni tr i l e  
to giv e  1 . 3 0g ( 60% yield)  o f  white crystal l ine so l id ,  mp . 1 5 6 ° . 
Ana l . cal cd . for c5
H
1 2o3
PN2C l : C ,  27 . 99 ;  H, 5 . 64 ;  N ,  1 3 . 05 ; C l , 
1 6 . 5 2 .  
Found : C ,  2 8 . 2 3 ;  H, 5 . 79 ;  N,  1 3 . 23 ;  C l , 1 6 . 66 .  
tran s - 5 -Chloromethyl - 5 -methyl - 2 -oxo - 1 , 3, 2 -dioxaphosphorinanoyl - 2 -
benzal iminoylhydraz ine 
Recrystal l i zed trans-hydrazide , 1 . 07g (0 . 005 mo l ) ,  and 
ben z aldehyde , 0 . 53g (0 . 005 mo l ) , were mixed together in 1 00 ml of 
methano l and the mixture st irred for thirty minutes with cold water 
bath coo l ing . The so lvent was removed under reduced pres sure and 
the result ing yel low so l id recrystal l i zed twice from carbon t etra ­
chloride to g ive 0 . 7g (46% yield)  of white crystal l in e  product ,  mp . 
1 73 - 174 ° . 
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PC 1 :  C ,  4 7 . 62 ;  H, 5 . 33 ;  N ,  9 . 2 5 ; C l , 1 1 . 7 1 .  
Found : C ,  4 7 . 6 8 ;  H,  5 . 40 ;  N ,  9 . 2 7 ; C l ,  1 1 . 79 . 
trans-5 -Chloromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphor inanoyl - 2 -
propano iminoylhydrazine 
A so lution of trans-hydraz ide,  1 . 0 7g ( 0 . 005 mo l )  in 2 5  ml 
of acetone was s t irred for thirty minut es with cold wat er bath 
coo l ing . The so lvent was removed under reduced pressure and the 
resu l ting so l id was recrystal l i zed from carbon tetrachloride . Yield 
of the white crysta l l ine product was 0 . 85g (6 7%) , mp . 1 5 5 - 1 5 6 ° . 




N2PC 1 :  C ,  3 7 . 73 ;  H, 6 . 33 ;  C l , 1 3 . 92 ;  N,  
1 1 . 00 .  
Found : C ,  37 . 46 ;  H, 6 . 1 6 ;  C l , 14 . 1 8 ;  N,  1 0 . 62 .  
The NMR spectrum us ing co3oo showed the presence of only one isomer, 
the trans . 
trans - 2 -N , N -D imethyl - 5 -�hloromethyl -5 -methyl -2 -oxo - 1 , 3 , 2 -dioxa ­
phosphorinan 
Dimethylamine (25%  H
2
0) was heated and the g a s  evo lved 
passed into 2 -chlorophosphorinan, 4 . 3 6g (0 . 02 mo l ) , d i s s o lved in 
40 ml of acetonitr i l e . The gas was pas sed through a cold condenser 
to remove the mo isture prior to its addition to the chloridat e 
solut ion . The s o lut ion was coo l ed in an ice bath and st irred whi l e  
the amine was bubbl ed in . After whi te prec ipi tate c eased forming , 
the solut ion was suct ion filtered and the fil trate stripped under 
reduced pres sure . The crystal l ine residue was recrystal l i zed from 
hot wat er , 3 . 8g (84 . 4 %) , mp . 148 - 1 50 ° . 
Anal . calcd . for c 7H1 5
c l N0
3
P :  C ,  37 . 00 ;  H ,  6 . 60 ;  N ,  6 . 1 7 .  
Found : C ,  3 6 . 91 ;  H ,  6 . 5 9 ;  N ,  6 . 3 1 .  
The NMR spectrum of the product i s  as expected for t he ass igned 
struc ture . 
tert iary Butyl hypochlorite 
A so lution of BOg (2 mo l )  of NaOH in about 5 00 ml of water 
was prepared in a 3 -neck fl ask equipped with a mechanical stirrer , 
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a gas inl e t  tube reaching near ly to the bottom of the flask and a 
gas out l et tube . To a coo l ed so lut ion (1 5 -2 0 °) of NaOH, 74g ( 1  mo l ) ,  
of tert . butyl a l coho l was added with enough water to form a homo ­
genous solut ion . With constant st irring , chlorine gas was pas s ed 
through the mixture for 3 0  minut es at a rat e of approximate ly 1 � .  
per minute and then for an additional 3 0  minutes at a rate of 0 . 5 -
0 . 6 � - p er minut e .  The upper oily layer was s eparated and washed 
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with S O  ml port ions of 1 0% sodium carbonate so lut ion unt i l  the 
washing s were no longer acidic to congored . The product was final ly 
washed with water (4 x 200 ml ) and dried over cal c ium chl oride . The 
yield obt ained was BOg (73%) . The product was s tored in a ground 1 
g lass stoppered flask and kept in the dark in a refrigerator . 
Oxidati on of trans -Hydraz ide with tert . butylhypochlorit e  in tert iary 
butano l 
Tert . butylhypochl orite � 1 . 08g (0 . 01 mol ) � was d i s so lv ed in S O  ml 
of t ert . butano l and the so lut ion added dropwise during fifteen 
minutes to a so lution of 1 . 07g (O . OOS mo l ) , of tran s -hydraz ide in 
SO ml of tert . butanol .  The addition was carri ed out at an elevated 
temperature (rvS0 °) with cons tant stirring . Ident ica l  condit ions 
were maintained for an addit ional period of f ifteen minutes and 
the so lvent removed under reduced pressure . The resu l ting yel low 
l iquid product was di ssolved in 100 ml of methyl enechlorid e ,  washed 
with 2 %  aqueous sodium bicarbonate fo l lowed by wat er . The organic 
layer was dried over anhydrous Mgso4 • Remova l  of the so lvent under 
reduced pressure gav e  a yel low l iquid product .  The NMR spectrum 
showed the pres ence of onl y  one isomer, the trans -chloridate . Re ­
cryst al l i zat ion of the product from hot wat er gave a whi t e  crystal l ine 
sol i d  whos e  spectrum was identical to that of pyrophosphate . 
The ni trogen gas rel eased during the react ion was co l l ect ed by 
d isp l acement of water in a gas bu�ette . The uncorrect ed volume of 
the gas was measured . The vo lume of pure nitrogen was c a l culated at 
standard t emperature and pres sure . From the vo lume , the number 
7 1  
o f  mol es o f  ni trogen gas evo lved was determined . 
The identificat ion of other react ion product s ,  tert iary 
butylchlor id e ,  hydrogenchloride , was achieved using a Porapak-Q 
packed co lumn in a Fisher gas chromatograph s er ie s  2400 . The product 
obtained on oxidat ion of trans-hydraz ide with t ert . butylhypochlorite 
in tert . butanol was confirmed by converting i t  to known amide . 
cis- 2 -Piperidino-5 -ch loromethyl -5 -methyl -2 -oxo - 1 , 3 , 2 -dioxaphosphorinan 
A s o lut ion of p ip eridine,  1 . 3Sg (P . Ol S  mol ) , in 5 0  ml of 
acetonitr i l e  was added dropwise to a solution of fre shly prepared , 
crude tran s - chloridate,  O . Sg (0 . 0025 mo l ) ,  disso lv ed in 5 0  m l  of 
acetonitr il e .  The addit ion was carried out with constant stirring 
and ice bath coo l ing . After the init ial exotherm had subsided , the 
solut ion was s tripped under reduced pressure and the crystal l ine 
res idue washed wel l  with wat er . The inso lubl e  material was dried , 
0 . 4g (_30% yie l d) , mp . 1 8 1 -1 82 ° . The NMR spectrum s howed the 
presence of a s ing l e  i somer with the chloromethyl group equatorial . 
c i s - 2 - Ben zyl amido -5 -chlorometnyl -S ...;methyl - 2 -oxo - 1 , 3 , 2 -dioxaphos ­
phorinan 
A so lution of benzyl amine , 1 . 6g (0 . 0 1 5  mol ) , in 1 00 ml of 
acetonitri l e  was added dropwis e  with constant s t irring and ice bath 
coo l ing to an acetonitrile  solution of freshly prepared , crude trans­
chl oridat e,  O . Sg (0 . 0025 mo l ) . After the init ial  exotherm had sub­
s ided , the s olvent was removed under reduced pre s sure . The crystal ­
line res idue was recrystal l i zed from CC 14 to give the product , 0 . 2 lg 
(30% yiel d ) , mp . 8 8 -89 ° . .  The NMR spectrum showed the presence of 
a s ing l e  i somer with the chloromethyl group equatorial . 
c i s- 2 -Amido -S � chloromethyl - 5 -methyl -2 -oxo - 1 , 3 , 2 -dioxapbosphorinan 
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The crude trans-chloridate ,  O . Sg (0 . 0025 mo l ) , was d i s so lved 
in 1 00 ml of acetonitri l e . The so lut ion was st irred in an ice bath 
and dry ammonia gas was bubbl ed through for twenty minutes . The 
amide pre c ipitated out as a whit e  sol id .  Upon comp l et ion of the 
precip it at ion, the solvent was removed. under reduced pressure and the 
crude s ol id was recrystal l i zed from acetonitr i l e  to g ive a white 
crysta l l ine s o l id .  
Oxidat ion of diethylhydrogen phosphit e  with t ert . butyl hypo chlorite 
in t ert . butano l 
Tert . butylhypochlorite ,  1 . 08g (0 . 01 mo l ) , was di s so lved 
in SO m l  of tert . butanol and the solut ion added dropwise to a 
solut ion of diethyl hydrogenphosphit e ,  1 . 3 8g (0 . 01 mo l ) ,  in S O  ml 
of tert . butano l .  The react ion mixture was st irred in an ice bath 
for fifteen minut es and stripped under Teduc ed pressur e . The NMR 
spectrum of the crude mat erial showed the presence of diethyl ­
hydrogenphosphite . 
Oxidation of trans -Hydrazide us ing t ert . butylhypochlorite in benzene 
A so lution of t ert . butylhypochl orit e ,  1 . 08g (0 . 01  mo l ) ,  in 
SO ml of ben zene was added dropwis e  to trans -hydrazide , 1 . 07g ( 0 . 005 
mo l ) , d i s so lved in S O  m l  of benzene . The react ion was carried out 
at an el evated temperature (�5 0 °) with stirring and with the addition 
carried out over a p eriod of 30 minut e s . The s olvent was removed 
under reduced pre s sure . The resu l ting yel low v i s cous l iquid did 
not crystallize on standing . Attempts to recrystal lize the viscous 
liquid fail ed . 
Oxidation .of trans-Hydrazide with tert . butylhypochlorite in aceto ­
nitrile 
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trans-Hydrazide, 1 . 07g (0 . 005 mo l ) , and tert . butylhypo­
chlorite ,  1 . 08g (0 . 01 mol ) , were dissolved in 1 00 ml of acetonitril e .  
The mixture was stirred for half an hour with ice bath coo ling , 
filtered and the filtrate stripped of solvent under reduced pressure . 
The resulting yel low l iquid residue was dissolved in acetonitrile,  
to which a slight excess of piperidine , 1 . 35g (0 . 0 1 5  mol ) , was added . 
After the initial exotherm had subsided , . the so lvent was removed under 
reduced pressure to give a brown crystal l ine so lid . The solid was 
recrystal lized from n-heptane to give a very low yiel d  of a mixture 
of isomeric 2 -piperidinophosphorinans with the cis -isomer (chloro ­
methyl group equatorial ) predominating . 
Oxidation of trans-Hydrazide with tert . butylhrpochlorite in 
tetrahydrofuran (THF) 
Two equivalents of tert . butylhypochlorite and an equival ent 
of trans-hydrazide were disso lved in 1 00 ml of THF . The mixture was 
stirred for half  an hour with ice bath coo ling . The rest of the 
experiment was fol lowed as above (using acetonitril e) . Though 
attempts to recrystal lize · the crude residue fail ed , the NMR spectrum 
showed the presence of an isomeric mixture of 2 -piperidinophosphori­
nans with the same ratio as that of acetonitri l e  experiment . 
Oxidat ion of trans -Hydrazide with tert . butylhypochlorite in 
Isopropylalcohol 
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Addit ion of tert . butylhypochlorite ,  0 . 8 7g (0 . 008 mol ) , to 
isopropyl alcohol was exothermic .  The solution was cooled and added 
dropwise to trans-Hydrazide,  0 . 86g (0 . 004 mol ) , with stirring and 
ice bath coo l ing . The resulting solution was filtered and from the 
filtrate solvent was removed under reduced pressure . The NMR 
spectrum of the crude mat erial showed the pres ence of starting 
material . Due to prior oxidation of the alcohol solvent , oxidation 
of the hydrazide did not take place . 
Oxidation of  trans -Hydraz ide with tert . butylhrpochlorite in methanol 
Tert . butylhypochlorit e , 0 . 87g (0 . 008  mol ) , and trans -Hydra­
zide, 0 . 86g (0 . 004 mol ) , were dissolved in 100 ml  of methanol .  The 
mixture was stirred for half an hour with ice bath cool ing . A 
quant itat ive evolution of nitrogen gas was observed . The solution 
was filtered . The removal of the solvent from the filtrate gave 
a yel low l iquid residue . The crude residue was dissolved in 
methylene chloride, washed with 2% potass ium hydroxide so lution, 
fol lowed by dilute hydrochloric acid and water . The organic layer 
was separated and dried over magnesium sulfate . Removal of the so l ­
vent under reduced pressure gave a mixture of isomeric methyl est ers , 
SO% yield . The NMR spectrum showed the ratio of isomers as 3 to 1 
with the cis  predominating . 
Oxidation of trans -Hydrazide with tert . butylhypochlorite in 2 , 4 , 4-
trimethyl -2-pentene 
Addi tion of tert . butylhypochlorite, 0 . 54g (0 . 005 mol ) , 
to 25 ml of substituted pentene was exothermic . The solution was 
coo l ed and added dropwise to trans-hydrazide, 0 . 54g (0 . 0025 mol ) . 
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The mixture was stirred for half an hour in an ice bath and the 
solUt ion stripped under reduced pressure to give  a l iquid residue . 
The NMR spectrum of the liquid res idue matches the authentic spectra 
of 2 , 4 , 4-trimethyl -2-pentene , which indicates that oxidation did 
not take place . 
cis- 2-Hydrazino -5-chloramethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphorinan, 
cis-Hydraz ide 
The trans-chloridate obtained as in the previous procedure , 
but based on 0 . 02 mol of reactants was dissolved in 100 ml of 
methylene chloride,  the so lution washed with 2% aqueous NaHC03, 
fo l lowed by water and dried over MgS04 • Solvent removal gave a 
gummy liquid residue which was dissolved in 100 ml of acetonitrile . 
To the solution was added dropwise 95% Hydrazine, 1 . 36g (0 . 04 mol ) . 
The mixture was st irred for half an hour with ice · bath cooling , 
filtered and solvent stripped under reduced pressure from the 
filtrate to give a white solid . Recrystal lization of the crude 
so lid from acetonitri le  gave cis -hydrazide , mp . 1 7 7 - 1 78 ° .  
Anal . calcd . for c5H1 2o3PN2C l : C ,  27 . 99 ;  H ,  5 . 64 ;  N ,  13 . 05 ;  C1 , 
16 . 5 2 .  
Found : C ,  2 7 . 6 1 ;  H, 5 . 68 ;  N, 1 2 . 43 ;  C 1 ,  1 5 . 67 .  
The NMR sp ectrum showed the presence of a s ing l e  i somer with the 
hydra z ine substituent at the axial position . 
Oxidat ion of c i s -Hydraz ide with tert . butylhypochlorite in t ertiary 
butano l 
Tert iary butylhypochlorit e ,  1 . 08g (0 . 01 mol ) ,  and cis ­
Hydrazide,  1 . 0 7g (0 . 0 05 mo l ) , w·ere disso lved in 1 00 m l  of t ert . 
butano l .  The mixture was stirred for half an hour at 5 0 ° . The 
resu lting so lut ion was fil tered and removal of s olvent from the 
fil trate gave a l iquid res idue . To the residue d isso lved in 1 00 ml 
of acetonitri l e ,  excess piperidine , 0 . 02 mo l ,  was added with 
s tirring and ice bath coo l ing . Aft er the init ial exotherm had 
subs ided , the so lution was stripped under reduced pressure to g ive 
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a crude crystal l ine residue . The residue was di s s o lv ed in methylene­
chloride , was hed with water and dried over MgS04 . Removal of the 
solv ent gave a yel low so l id product whi ch was recrystal l i zed from 
heptane . The yield was v ery low.  The NMR spectrum of the re­
crystal l i zed product showed the presence of a mixture of isomeric 
2-piperidinophosphorinans with the tran s - isomer (chloromethyl 
group axial ) predominating . 
I somer i zat ion of tran s - chloridat e in dichloromet hane 
The uns tab l e  trans -chloridate obtained as in the previous 
proc edure , but based on 0 . 005 mo l of reactants ,  was d i s so lved in 
100 m l  of dichloromethane , washed with 2% aqueous NaHC03 , fo l lowed 
by water and dried over anhydrous MgS04 . Removal of the so lvent 
under reduc ed pressure gave a crude l iquid res idue which was 
dis so lved in 1 00 ml of acetonitrile . Excess piperidine, 0 . 01 5  mo l ,  
was added t o  the acetonitril e  solution of chloridate with stirring 
and ice bath coo ling . The solution was stripped under reduced 
pressure and the crystalline residue was washed wel l  with water . 
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The insoluble  material was recrystalli zed from heptane to give 30% 
yield of the product,  mp . 180- 1 8 1 ° . The NMR spectrum of the product 
showed the presence of cis- 2-piperidinophosphorinan as the only one 
isomer which indicat es that the trans-chloridate did not isomeri ze 
in dichloromethane . 
trans- 2 -Phenylhydrazino -5 -chloromethyl -5 -methyl - 2 -oxo- 1 , 3 , 2 -dioxa- . 
pho sphorinan, trans-Phenylhydrazide 
A benzene solution of cis-phosphorochloridate ,  4 . 38g (0 . 02 
mol ) , was added dropwise to a mixture of phenylhydrazine , 2 . 08g 
(0 . 02 mo l ) ,  and triethyl amine , 2 . 04g (0 . 02 mol )  d is solved in 1 00 ml 
of benzene . The addition was done with. stirring and ice bath coo ling 
and identical conditions were maintained for an addit ional thirty 
minutes . Formation of white precipitate of triethyl amine hydro ­
chloride was observed . The mixture was al lowed to stand for 24 
hours . The precipitate was filtered and oenzene was removed from 
the filtrate under reduced pressure . The crude so lid was recrystal ­
l i zed from to luene to give 3 . 46g (60%) yield,  mp . 140-142 ° . 
Oxidation of trans-2 -phenylhydrazino -5-chloromethyl -5 -methyl -2 -oxo-
1 , 3 , 2 -dioxapho sphorinan using yel low mercury oxide 
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The phenyl hydrazide, l O . lg (0 . 035 mol ) , and mercury oxide , 
7 . 6g (0 . 035 mol ) , were added to 200 ml of ben zene . The mixture was 
refluxed for four hours with stirring . Quantitative formation of 
water was observed using Dean and Starke apparatus .  The so lution 
was fi ltered and the filtrate was stripped of solvent to give a 
dark viscous residue which do not crystal l ize on standing . Attempts 
to recrystall i ze the residue fai l ed .  
Methano lysis  of trans- 2 -hydrazino -5-chloromethyl -5 �methyl - 2 -oxo-
1 , 3 , 2-dio:xaphosphorinan using gaseous hydrogen chloride as catalyst 
To a methano lic solution of trans-hydrazide , 0 . 54g (0 . 0025 
mol ) , hydrogenchloride gas was passed through for fifteen minutes . 
The reaction was stirred with co ld wat er bath coo ling . A white 
precipitate was s lowly fo�ed on bubb ling the gas . The precipitate 
was filtered and removal of the solvent from the filtrate gave a 
white solid . I t  was dis so lved in methylenechloride , washed with 2% 
aqueous NaHC03 , fo l lowed by water and dried over Mgso4 . The · so lution 
stripped under reduced pressure to give a mixture of isomeric methyl 
esters . The percentage of cis (chloromethyl group axial)  to trans 
(�hloromethyl group equatorial ) was 8 1  to 1 9 .  
Methanolysis  o f  cis-2 -hydrazino -5-chloromethyl -5 -methyl -2 -oxo -1 , 3 , 2-
dioxaphosphorinan using gaseous hydrogen chloride as  catalyst 
As in the previous experiment , hydrogen chl oride gas was 
buobled through a methano lic  so lution of cis-hydrazide , 0 . 54g 
(0 . 0025 mol ) , for f ift een minutes . The crude product obtained was 
disso lved in methy l ene chloride and purified as above . Removal 
of the so lvent gave a mixture of isomeric methy l  est er s  with the 
trans isomer predominating (67% ) . 
Methano lys i s  o f  trans-hydraz ide in the presence of acetonitri l e  
using hydrogen chloride gas as catalyst 
Hydrogen chloride gas was pas sed through a mixture of 
trans-hydrazide , 0 . 54g (_0 . 0025 mol ) , disso lved in an equal volume 
of acetonitri l e  and methano l for fift een minut e s . The m ixture was 
st irred with cold wat er bath coo l ing . A l aTge quant ity of whi te 
crys tal l ine product precipitat ed out . The pTe c ip i tate was f i l t ered 
and the filtrate stripped of so lvent under reduced pressure . The 
resu l t ing crude whit e solid dis so lved in methyl ene chloride , 
washed with 2 %  aqueous NaHC03 , fo l lowed by water and dried over 
Mgso4 . 
Removal of the so lvent gave a very low yie l d  of methyl 
ester s . The rat io of c i s  to trans was 1 to 2 .  The whi t e  crys ta l ­
l ine s o l id obtained on large yi eld was identified a s  Irnminohydro ­
chloride .
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Methano lys i s  of tran s -hydraz ide i n  the presence of d imethylformamide 
(PMF ) us ing hydrogen chl oride gas as catalyst 
To a mixture of trans-hydra zide , 0 . 54g (0 . 0 0 2 5  mo l ) , 
di s so lved in an equal volume of methano l and d imethyl formamide , 
hydrogen chloride gas was bubbl ed through for fifteen minute s .  
The mixture was coo l ed and s t irred as aoove . Methano l was removed 
under reduced pres sure . DMF removal was effect ed by disso lving 
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the solution in methyl ene chloride and washing the so lution with 
water (S .x 1 00 ml ) . Methylene chloride layer was removed and dried 
over anhydrous Mgso4 • Removal of the solvent under reduced pressure 
gave a low yield  of 2 -hydroxy-5-chloromethyl -5 -methyl - 2-oxo - 1 , 3 , 2 -
dioxaphosphorinan as the only product . Methyl esters were not 
i so lat ed . 
Methano lysis  of cis -hydrazide in the presence of acetonitri le  using 
hydrogen chloride as catalyst 
Methanolys i s  of cis -hydrazide , 0 . 54g (0 . 0025  mo l ) , in the 
presence of acetonitri le was carried out as in the previous experi­
ment . The only isolated product was imminohydrochloride . 
Methano lys i s  of trans -hydrazide with trifuloroacetic acid (TFA) as 
catalyst 
A solut ion of trans -hydrazide, 0 . 54g (0 . 0025  ml ) , disso lved 
in an equal volume of methanol and TFA (25  ml of each) was stirred 
for fifteen minut es in a co ld water bath . The so lut ion was stripped 
under reduced pressure and the resulting res idue was dissolved in 
methyl ene chloride , washed with 2% aqueous NaHC03 , fol lowed by water 
and dried over MgS04 . NMR spectrum of the crude material obtained , 
after the removal of the so lvent , showed the presence of isomeric 
methyl esters . The percentage of cis to trans was 33 to 67 . 
Methanolysis of cis-hydrazide with TFA as catalyst 
As in the previous experiment , methano lysis  was carried out 
with cis -hydrazide , 0 . 54g (0 . 0025 mo l ) , di ssolved in an equal vo lume 
of methano l and TFA . The methyl esters formed were isolated as 
above .  Th e  percentage o f  cis �o trans was 4 3  t o  5 7 . 
Methanolysis  of trans-hydrazide with paratoluene sulfonic ac id as 
catalyst 
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A mixture of trans-hydrazide, 0 . 43g (0 . 002  mo l ) , and O . lM of 
PTSA were dissolved in SO  ml of methano l and the mixture was stirred 
for fifteen minutes using cold water bath . The solution was stripped 
under reduced pressure and the resulting residue was disso lved in 
methylene chloride, washed with 2% aqueous NaHC03 , fol lowed by water 
and dried over MgS04 . Removal of the so lvent gave crude methyl 
esters . The percentage of cis  to trans was 33 to 67 . 
Methano lysis of trans -2-N, N-dimethylamido -5 -chloromethyl -5 -methyl 
2-oxo- 1 , 3 , 2-dioxaphosphorinan with TFA as catalyst 
trans-Dimethylamidophosphorinan, O . Sg (0 . 0022  mol ) , was 
dissolved in a mixture of 80 ml of methano l and 20  ml .· TFA . The 
mixture was st irred for fifteen minutes with co ld water bath cool ing 
and al lowed to stand at room temperature for seven days . The 
solution stripped under reduced pressure gave a l iquid res idue . 
It  was dissolved in methylene chloride, washed with 2% aqueous NaHC03 , 
fol lowed by water and dried over MgS04 . Removal of the solvent gave 
the reactant which showed that trans -2-N, N-dimethyl amido phosphori -' 
nan did not undergo methano lysis  under these conditions . 
Attempted electrophil ic subst itution of a phosphacyl ium ion- l ike 
intermediate with ben zene 
trans -Hydrazide, 0 . 54g (0 . 0025 mo l ) , was disso lved in an 
equal volume of benzene and trifluoroacetic acid (SO  ml of each) and 
the mixture was stirred for fifteen minutes us ing cold water bath 
cool ing . The solution was stripped under reduced pressure and the 
crude mat erial obtained was dissolved in methylene chloride ,  
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washed with water and dried over MgS04 • Removal of the solvent gave 
a dark viscous l iquid . Attempts to recrystal l i ze the crude product 
have fai l ed .  NMR spectrum of the dark viscous liquid shows the 
absence of an aromatic peak.  
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2 .  NMR spectrum of trans - 2 -hydraz ino - 5 -chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphorinan in 
methano l -d with TMS a s  internal s tandard o 
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4 . NMR spectrum of trans-5-ch1oromethy1 - 5 -methy1 -2 -oxo- 1 , 3 , 2 -dioxapho sphorinany1 - 2 -
ben za1 iminoy1hydra zine i n  ch1oroform-d with TMS a s  internal standard • 
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3 .  NMR spectrum o f  trans-5-chloromethyl - 5 -methyl - 2 -oxo- 1 , 3 , 2 -d ioxaphosphorinanyl - 2 -
propanoiminoylhydraz ine i n  chloroform-d with TMS as internal standard . 
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5 . NMR spectrum of trans -N, N-d imethylamido - 5 -ch loromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2-d ioxapho sphorinan 
in chloroform-d with TMS as internal standard . 
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6 G NMR spectrum of crude trans - 2 -ch loro - 5 - chl oromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinan 
in ch1oroform-d with TMS as int erna l standard . 
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7 .  NMR spectrum of c is - 2 -piperidino -5 -ch loromethyl - 5 -methyl - 2 -oxo -1 , 3 , 2 -dioxaphosphorinan in 
chloroform-d with TMS as internal standard . 
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8 . NMR spectrum of c i s - 2 -ben zyl amido - 5 -chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -d ioxapho sphor inan in 
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9 .  NMR spectrum of c i s - 2 -amido - 5 -ch1oromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinan in 
methano1 -d with TMS as internal standard . 
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1 0 .  NMR spectrum o f  4 0 : 60 ,  c i s : tran s - 2 -piperid ino - 5 -chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -
dioxaphosphor inan in chloroform -d with TMS a s  internal standard . 
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1 1 . NMR spectrum of c i s - 2 -hydrazino -5 - ch loromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinan in 
methano l -d with TMS a s  int ernal s tandard . 
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1 2 .  NMR spectrum of tran s - 2 -pheny1hydra zino - 5 -chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinan 
in methano1 -d with TMS as int ernal standard . 
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1 3 .  NMR spectrum of yel low mercury oxide oxid i zed product o f  trans - 2 -phenyl hydraz ino - 5 -
chloromethyl - 5 -methyl - 2 -oxo- 1 , 3 , 2 -dioxapho sphorinan in methano l -d with TMS as internal 
standard . 
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14 . NMR spectrum of 75 : 2 5 ,  c i s : trans - 2 -methoxy- 5 -chloromethyl - 5 -methy l - 2 -oxo -1 , 3 , 2 -dioxaphosphori ­
nan i n  ch loroform-d wit h TMS a s  internal standard . 
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1 5 .  NMR spectrum of gaseous hydrogen chloride catalyzed methano1 ys i s  of trans - 2 -hydra z ino - 5 -
ch1oromethy1 - 5 -methy1 - 2 -oxo - 1 , 3 , 2 -d ioxaphosphorinan i n  ch loroform -d with TMS a s  int ernal 
standard . 
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1 6 .  NMR spectrum o f  gaseous hydrogen ch loride catalyz ed rnethanol ys i s  o f  c i s - 2 -hydraz ino - 5 -
ch loromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxaphosphorinan i n  chloroform-d with TMS as interna l 
standard . 
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1 7 .  NMR spectrum of gaseous hydrog en ch loride catalyzed methanolysis of trans - 2 -hydra z ino - 5 -
chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -d ioxapho sphorinan i n  t h e  presence o f  acetonitri l e ,  in 
chloroform-d with TMS as int ernal standard . 
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1 8 .  NMR spectrum of trifl uoroacetic acid catal yzed methanolys i s  of trans - 2 -hydra zino - 5 -
chloromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinan i n  chloroform-d with TMS a s  
internal standard . 
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1 9 .  NMR spectrum o f  trifluoroacetic ac id catalyzed methanol ys i s  o f  c i s - 2 -hydra z ino -5 -chloromethyl -
5-methyl - 2-oxo - 1 , 3 , 2 -dioxaphosphorinan in chloroform -d with TMS a s  internal standard . 
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2 0 .  NMR spectrum o f  paratoluene su lfonic acid catalyzed methano l ys i s  o f  tran s - 2 -hydra z ino - 5 -
chloromethyl -5 -methyl - 2 -oxo- 1 , 3 , 2 -dioxaphosphorinan i n  ch loroform-d with TMS a s  internal 
standard . 
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2 1 . I R  spectrum of trans - 5 - chloromethyl -5 -methyl - 2 -oxo - 1 , 3 , 2 -d ioxapho sphor inanyl - 2 -propano ­
iminoyl hydra zine as KBr pe l l et . 
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1 3
c NMR spectrum of tran s - 5 -chloromethyl - 5 -methyl -2 -oxo - 1 , 3 , 2 -dioxapho sphorinanyl -2 -
propano iminoyl -hydraz ine in chloroform -d with off resonance decoup led protons . 
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31
P NMR spectrum of trans - 5 -chl oromethyl - 5 -methyl - 2 -oxo - 1 , 3 , 2 -dioxapho sphorinanyl - 2 -
propano iminoyl -hydra zine with phosphoric ac id as internal  standard . 
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